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Report 
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The lust Progress Report of activities and accomplishments of the 
Michigan State University Remote Sensing Project covered the period of 
December 1, 1977 through Nov«aber 1978. We judged, subsequently, that 
reporting for a period which straddled halves of two separate grant 
years could cause possible confusion and ambiguity in the record. In 
an effort to minimize this possibility, this report, herewith, is for 
a full grant year period, namely June 1. 1978 to May 31, 1979. 

We wish to call attention to the fact that this realignment of the 
reporting period requires inclusion of a six-month period (June 1. 1979 
to November 31, 1979) which comprised the second half of the last report. 

It is our Intention hereafter to report progress for each subsequent 
full grant year, ncunely June 1 through May 31 of the following year. 
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INTRODUCTION 


Th« Incidence* of land-vater-huaen Interectione on terreln continue 
to Increeee, perticularXy thoa* with negative conaequencea. Hoet of thaae 
reeult from a dynamic technology proliferating proceseae, eubetances, and 
artifacts that, when interacting with social dynamics, debilitate the quel** 
ity and quantity of the supply of crucial elements of life-support systems. 
Fortunately, human ingenuity counters by inventing Improved instruments 
and processes for detecting and meaauring breakdowns in the stability of 
natural systems and resources. 

Even though the many kind* and levels of monitoring and correcting 
agencies, public and private, take actions when adequately and competently 
Informed, an unending flow of problem* and Issues of terras trial -cultural 
interactions continue to surface. Monitoring and correcting dysfunctions 
of natural systems apparently must continue unabated. 

The Michigan State University Remote Sensing Project continues to pro- 
vide substantial contributions to public and private agencies in Michigan 
by helping them to bring into effect on-land and water related (l.e., ter- 
restrial) actions of many different kinds by which preventative and correc- 
f.ive measures can be carried out to conserve and enhance remaining qualities 
of the natural and cultural environments. Much information essential for 
formulating effective measures continues to be derived from the many dif- 
ferent Cv^tegorlefl of remote sensing imagery. 

The activities and achievements within this June 1978 - May 1979 period 
demonstrate the versatility of the MSU Remote Sensing Project in addressing 
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a vide variety of problene and laeues aa veil aa peralatlng In broadening 
the conmunlty of utlllaera of remote aenalng-derlved Intelligence at all 
levela of governaent and bualneaa. 

Theae efforta have been augmented by a variety of aervlcea. Including 
aome Inatructlon and training. The aynopaea vhlch follov deacrlbe the In- 
dividual actlvltlea carried out during the reporting period. They are 
grouped under three headlnga, namely: A) reaearch appllcatlona; B) uaer 
aervlcea and Project Inatltutlonallzatlon progreaa; and C) contractual 
Mrvlcea. 

Part (D), "Informational Summary" (pagea 73-101), praaenta an update 
of quantitative data laaued aa a apeclal report regarding aelected cate- 
gorlea of Information originally requeated by NASA and compiled by the 
Project prlnclpala during 1978, aubmltted September 22, 1978, and titled, 
"Project Information Report." Thla kind of a report vaa Inatltuted aa a 
regular element for Inclualon vlth aubaequent progreaa reporta. The data 
reported In thla report have been organized under the aame aeven "categorlea" 
aa vere thoae In the original one. 

The "Appendix" conalata of one additional achedule of updated abatracta 
of publlcatlona and preaentatlona prepared and delivered by various members 
of the Remote Sensing faculty and staff. 

While a predominant proportion of coats Incurred by reaearch applica- 
tions vere met by NASA Grant funds during this reporting period, agencies 
for vhom Investigations vere being conducted vere advised chat continuations 
of studies vDuld require sharing some. If not most, costs. The Project, in 
effect, has formulated coat-sharing as a policy. The progress report for the 
next grant period vlll describe Instances of this participation. 
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A. RESEARCH APPLICATIONS 

Th« following five roMarch Application studlat wara conducted during 
thia June 1978 - May 1979 Grant yaart 

1. Identification of Wood Energy Resources in Central Michigan 

2. The Iaq>act of Pipeline Construction on Streae and Wetland 
Envlronaents 

3. Identification of Hasardous Wastes Disposal Sites 

4. Integrated Pest Manageeent Systsoa 

5. Analysis of Landsat Data In Updating Forest Inventories 

Each of these five studies Is susnarlzed in the series of synopses 
which follow. Two of these were reported In the previous DecMtber 1977 - 
Novenber 1978 Progress Report (dated March 9, 1979); but, as noted In the 
"Scope of Report" section, the second half of that previous report has been. 
In essence, included In this one in order to realign reporting to full grant 
year ratltles. These two "repeats" actually were continued Into the second 
half of the June 1978 - May 1979 Grant year (wood energy resources and lo- 
pact of pipeline construction). 

Manifestly, the last three studies (hasardous wastes disposal sites, 
integrated pest management systems, and Landsat data re: forest Inventories) 
were initiated in the second half of this reporting period. 

The five studies represent a wide diversity of subject matter. All 
deal with Issues of either human impact on natural resources (pipeline con- 
struction, hazardous wastes disposal) or finding ways to manage natural re- 
sources to serve human needs mors effectively (wood resources for energy 
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ganaracion, p«iat nanagamant, Landaat data analyala for foraat Invantorylng) . 

Nona of thaaa atudlaa was aolicltad by tha MSU Ranota Sanaing Projact 
(RSP); aach waa raquaatad by particular privata or public aganclaa which 
ware in naad of aaaiatanca for althar aolvlng problama or in naaclng althar 
a program conmltmant or a laglalaciva aandata. In lina with cha crlcaria 
uclliaad by tha RSP in raapondlng to auch raquaata for carrying out any 
atudy under NASA Grant aupport*, thaaa flva atudlaa wara accaptad by tha 
RSP for operational Invaatigatlon. 

Subaaquent to tha ending of tha reporting period, tha aaparata apon- 
aora of thaaa flva atudlaa returned to tha RSP to have them continued/ 
extended in one or more raapacta, ganarally aa follova: 

+ Tha wood energy raaourcaa atudy haa damonatrated auch importance 
to tha energy naada of Michigan that two aaparata raaaarch pro- 
poaala have bean aubmittad to continue work in thla area. 

'*■ Tha pipeline conatruction atudy for tha Michigan Public Service 
Coomiaalon ao imprcaaed tha princlpala of that agmey of tha 
utility of remote aanalng proceaaea that they have requaated 
follow-up raaearch for the development of analyala mathoda, 
ualng Landaat imagary, for determining rlghta-of-way for future 
pipeline conatruction. 


* Criteria applied by the RSP to teat eligibility for aupport under 
NASA Grant funda: 

a) atudy muat require reliance on data and Information derived from 
renotely-aenaed Imagery; 

b) resultant decialona and actiona could be generated predomlxuntly 
from thia information; 

c) the reaearch would require innovative, non-routine methoda; and 

d) there la aubatantlal promise that the findings will result in 
early actions. 
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Th« problMui of hotordoui waof i dlopoMl in Michigan h«« «x> 
plodad in CO a seandaloua, an anarganey* alaoat a diaascar aic- 
nation. Tha attack on thia vldaapraad problaa haa baraly bag\m. 
Tha Staca of Michigan la aaaklng hundrada of ailliona of dollara 
for Invaatlgation and claanup. Ona fin haa alraady tean finad 
20 million dollara for ita cooniaslona. Tha MSU Ramoca Santing 
Projact will likaly ba involvad in chla activity for a long clna. 

* Tha paat nanagamant atudiaa hava baan augmantad by additional 
taaka that wara carriad into tha naxt raporting pariod. 

'*■ Tha raaaarch on tha utility of Landaat data for foraat invan- 
toriaa provad aufficlantly uaaful to hava tha Staca Foraacry 
Nanagamant Dlvlaion raquaac additional alamanta and provlda 
aoma dollar aupport. 

Wa of tha Ramota Sanalng Projact faculty and raaaarch acaff partici* 
panta viaw thaaa raaaarch applicatlona aa tha central aubacanca, tha nuclaua 
of intallactual anargy» and tha baalc avldanca of our c.tmpacanca in ramota 
aanalng technology. All tha other mlaaiona vm parfon are apln^ffa from 
the damonatrations of capabllltiaa and a3q>artlac through yaara of raaaarch 
inveatigatlona via applicatlona. Wa continue to grant firat priority to 
the NASA supported raaaarch applications and wa respectfully sack contin- 
uation of NASA confidence in our collective compatcnclas. 
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Al. IdwtlflcAtlon of Wood Enray H>aottre«» In C«ntr*l Htchlaan 

W6lv«rln« Elftcerle Coop«ri. ConauMra Powar Coapany 

302 South Warran Seraat 212 Waat Michigan Avanua 

Big Rapida, Miehigaa 49037 Jaekaon, Michigan 49201 

Norbark Induatriaa. Inc. 

Box 1000 

Winn, Michigan 48896 

The taak of naocing anargy naada ia particularly iaiportant in Michigan, 
conaidaring ita dapandanca on outaida aourcaa of anargy (Michigan praaantly 
producaa only about four parcant of ita anargy raquirwMnta) . Banowabla 
raaourcaa, particularly wood bionaaa, ara baing viawad aa a highly daair- 
abla altamatlva anargy aowrea. Vhila foaall fuala ara ralativaly acarca 
in Michigan, foraata ara vldaly diatributad in tha atato (about half of 
Michigan* a land araa la foraatad). Davalopawnta In ualng wood aa a "direct- 
bum" anargy aourca hava prograaaad to a ataga whara It la now viawad aa 
tachnically faaalbla and coat-aff active. 

A cooperative venture by Wolverine Electric Cooperative (a publicly- 
owned electric generation and trananlaalon cooperative), Morbark Induatriaa, 
Inc. (a foraat producta flra which nanufacturaa wood-harvaatlng aqulpnant), 
and Conaunara Powar Conpany (a prlvataly-owaad electric and gaa utility) 
ara praaantly planning to build a daaonatratlon wood-buralng generating 
plant In the ald-Klchlgan araa. There la a lack of Information on tha ex- 
tant, availability, and location of non-coamarelal tl^ar raaourcaa (atand- 
Ing tree realduaa, ovar-atocked atanda, logging realduaa, altaa in need of 
convaralon, etc.) which will bo needed for ftial In thla power plant. Thora- 
fora, tha mtarprlaaa raquaatad aaalatanca from tha Ramota Senalng Projact 
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in acquiring inforvacion m availabla wood raaourcaa to ba raducad to wood 
chips as an anargy fual. 

Tha consortiuB of corporations (Wolvarina Elactric, Morbark Industrias, 
and ConsusMrs Powar) contraetad for a faaslbility study (Fig. I; copy of 
final raport has baan sant undar saparata covar) to: 1} datamina tha ada> 
quacy of tha wood fual basa; 2) coapara thraa potantial plant locations; 
and 3} astablish various anginaaring and ragulatory procaduras. Michigan 
Stata Univarsity (MSU) invastigators «Mlysad a variaty of raaota sansing 
aatarials in ordar to dataraina tha tonnaga of t'..a forast bioaass and to 
coapara supply astiaations for aach of tha thraa potantial sltas datarainad 
by tha consort iua. 

A aap suamarizing tha dlatrlbution of forast land in tha atudy araa is 
providad in Figura 2. Forast distribution was darivod froa tha dapiction 
of woodland on tha U.S. Caological Survay (USCS) 1:250,000 aap sarlas as 
providad by tha Of flea of Land Rssourca Prograaa, Michigan Dapartaant of 
Natural Rasouxeas (HDNIt). Also Includad on tiM aap ara tha thraa proposad 
plant sitas with a llna Indicating a 50-aila radius froa aach sita (tha 
aaxlaua distanca that is consldarad aconosd.eally faaslbla to haul wood 
chips). Forast data as dapictad on Figura 2 and class of oimarshlp (fadaral, 
seats or prlvata) inforaatlon shown on MDNR county asps wars gaocodad and 
placad on a coaputar flla. A computar routlna (RAP, davalopad by MSU in- 
vastlgstors) thin calculatad tha aeraa of forast land, by class of ownar- 
ship, for spaclfiad radii (10, 20, 30, 40 and 50 alias) froa aach proposed 
plant sita. Tha rssults ara shown in Table 1. Based on this acraaga in- 
fo mac ion, plus anvironaantal factors and the location of alactrlcal 


11 


Figure 1. 


Feasibility study including MSU-RSP Landsat 
graphy assessment of wood energy resources. 


and aerial photo- 
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Table^.— Acres of Forest Land by Site. 
MBLAH 


, Jladlus 
(miles) 

Federal 

Acres of 
State 

Forest Land 
Private 

Total 

X of Area 
Forested 

10 

16640 

33920 

48640 

99200 

49.3 

20 

112000 

85120 

224640 

421760 

52.4 

30 

221440 

182400 

441600 

845440 

46.7 

40 

281600 

284800 

684160 

1250560 

38.9 

50 

355840 

440320 

973440 

1769600 

35.2 


HERSEY 


Radius 

(miles) 

Federal 

Acres of 
State 

Forest Land 
Private 

Total 

X of Area 
Forested 

10 

-0- 

11520 

20480 

32000 

15.9 

20 

33920 

50560 

227200 

311680 

38.7 

30 

224000 

96000 

524800 

844800 

46.7 

40 

364160 

170880 

879360 

1414400 

44.0 

50 

432000 

370560 

1266560 

2069120 

41.0 


WHITEHALL 


Radius 

(miles) 

Federal 

Acres of 
State 

Forest Land 
Private 

Total 

% of Area 
Forested 

10 

8960 

1280 

68480 

78720 

39.1 

20 

30080 

8320 

155520 

193920 

24.1 

30 

62080 

10240 

229760 

302080 

16.7 

40 

149120 

12800 

377600 

539520 

16.8 

50 

225920 

30080 

528640 

784640 

15.6 
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transmission routes and facilities , the consortium selected Hersey as the 
proposed site for a demonstration-experimental wood chip-fueled power plant 
of approximately 25 MU (Figs. 3 and 4). 

After selection of the Hersey site* the consortium requested the MSU 
Remote Sensing Project to provide them with more detailed biomass and non- 
commercial timber figures for a slx-councy area surrounding the site. 
Acreage data for four of the counties (Lake, Newaygo, Osceola and Mecosta) 
were compiled from the forest land management and Inventory data service 
maintained by the West Michigan Regional Planning Commission (HMRPC). 

Forest cover-type Information for the four counties was originally Inter- 
preted from medium-scale Cl: 33, 000) color-infrared aerial photography. 
Forest lands were categorized into nine cover types, four size classes 
and four stocking levels. This effort was a continuation of the Mason 
County Forest Inventory compiled previously by the Remote Sensing Project. 

Forest cover information for the two other counties, Clare and Isa- 
bella, was derived from analysis of Landsat satellite data. A density 
analysis, using a Spatial Data Datacolor Image Enhancement system, was 
performed on separate Landsat bands. Band 6 was analyzed to determine 
the presence (acreage) of water on a county basis and was subtracted from 
the acreage estimate of forest land and water derived from band 5. Pre- 
liminary comparisons with NASA hlgh-altltude RB-57 photographs (1975) in- 
dicate the forest acreage estimates to be better than 90 percent accurate. 

In order to determine what the tonnage of the standing non-commercial 
timber and the potential surplus annual volume growth might be. It was 
necessary to estimate the total biomass of the forest land. This was 
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accomplished by sampling biomass plots on reprasantatlva forest cover types. 
Sample plots were set up by a Consumers Power Company forestry team, and 
the entire plot was harvestad and weighed by a Morbark Whole-Tree Harvest- 
ing system (Fig. 5). The per-acre tonnaga of biomass, as derived from 
these sample plots, was then applied to a net acreage of forest land which 
had been derived from remote sensing analysis. Table 2 compares the ton- 
nages as derived from the ground cruise and weight tables with actual har- 
vested tonnages. 


Table 2.— Summary of Predicted vs Actual Tonnages Per Acre for Selected 
Ground Plots. 



Applying the tonnages from Table 2, total biomass for sample forest plots, 
for the six-county study area, are presented In Table 3. 

This project constitutes the first all-inclusive treatment of the wood- 
energy concept from the gathering of waste wood, with Its particular envir- 
onmental and socioeconomic considerations, through a detailed preliminary 
design of wood-handling equipment and a medium-sized (25 MW) power plant. 
This perception of the project makes It all the more Innovative consi- 
dering the state-of-the-art technologies available and further 
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Tabic 3.— ‘Blonasa of Sample Foraat Typaa. 


Forest 

Type 

Lake 

B I 0 M A S 
Newaygo 

S (To 

Oaceola 

n s ) 

Mecosta 

Total 

04 

621,591 

710,318 

29,008 

35,922 

1,396,839 

05 

3,812,840 

3,566,784 

127,807 

260,673 

7,768,104 

06 

4,313,184 

3,481,900 

231,543 

859,425 

8,886,052 

Pr6 

622,329 

303,817 

418,023 

304,204 

1,648,373 

PJ6 

1,939,202 

495,389 

5,109 

20,765 

2,460,465 

Ps3 

— 

— 

7,294 

— 

7,294 

Total 

11,309.146 

8,558,208 

818,784 

1,480,989 

22,167,127 


consldaration of other technologlea which may become available In the future. 
Baaed upon the findings of the overall feasibility study. Including the MSU 
Rsuote Sensing Project analysis, the consortium determined that a waste 
wood**flred plant with a gross output of 25 MW Is both technically and eco> 
nomlcally feasible, subject to regulatory approvals and financing arrange- 
ments. The consortium has decided to build the experimental plant which 
could be In commercial operation In 1983 (Fig. 6). 

It Is the stated Intention of the consortium that "the plant will be 
used to gather operating experience, to evaluate equipment, to demonstrate 
environmental compatibility, to develop appropriate forest management prac- 
tices, and to foster overall public acceptance of a technology that could 
I lead to the serial production of similar units throughout the forest lands 

of Michigan. Because of the unique developmental aspects of this project, 
the MSU Remote Sensing Project Is continuing to work with the consortium on 
developing remote sensing techniques that can serve as methods for calculat- 
ing the biomass supply and harvesting program for the experlmental/demonstra- 
tlon wood chlp-flred electrical power generating plant. 
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A2. Th« Impact of Pipallna Construction on StrMB and 


Watland Environnanta 


Stata of Michigan Public Sarvice Commlaaion 
6545 Marcantila Way 
Lanaing, Michigan 48910 


In connection with Ita Juriadiction over plpallnaa, the Michigan Public 


Service ComDission (MPSC) is charged with assessing the environmental impact 


of gas and oil pipeline conatruction on wetlands and stream crossings in 


northern Michigan. The Remote Sensing Project conducted a demonstration 


project to show that drainage alteration and vegetation damage associated 


with pipeline construction could be monitored with temporal aerial photo- 


graphy. 


In 1977, field investigators, using ground sampling techniques, re- 


corded present conditions at wetland and stream rights-of-way (ROWs) not- 


ing vegetation damage, invasion of new species and drainage conditions, 


particularly standing water within 50 feet of the ROW. Since the sites 


were not evaluated on the ground prior to construction, the cause of any 


damage observed could not be pinpointed, and value recommendations to im- 


prove future routing and construction methods could not be made. 


Since repetitive aerial photography may allow both pre- and post- 


construction vegetation and drainage conditions to be mapped, the MPSC 


approached the MSU Remote Sensing Project for assistance. Photo inter- 


pretation is also lilKsly to be less expensive than field investigation 


and such conditions as ponding of water upstream or in the ROW, vegetation 


change, windthrow and dleback should be detectable on medium-scale photo- 


graphy. 


in 
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Vichln clM atudy aro (Fig. 7), avallabla black-and-iAlta paachroaatlc 
phoccg*apha ac acalaa of 1:20,000 and 1:15,840 with covaraga dating back to 
1938 wara utlllzad. In addition, 1973 and 1977-78 color-lnfrarad photogtapha 
provided racant racorda of tha plpallna altaa. Thaaa aoureaa eoablnad to 
glva adaquata pra- and poat-plpallna photo covaraga for aach alta. 

In tha flrat phaaa of tha projact, a alta in northvaat Vaxford County 
(Fig. 8) waa atudlad. Tha vagatatlon covar nap praparad fron a 1973 photo- 
graph ahova pra-plpallna condltlona, with haalthy vagatatlon and no apparent 
atandlng vatar (Fig. 9); but Figure 10 la tha aaaa alta In 1977 with ponding 
upatraan fron tha ROW and acconpanylng vagatatlon danaga following conatruc- 
tlon. Tha conpany rasponalbla for tha plpallna fired tha conatructlon con- 
tractor and haa subaaquantly taken tha !ollowlng corrective actlona. 

A conatructlon crav waa brought In to ditch acroaa tha plpallna cauaa- 
way to rainatacs the aurfaca flow acroaa the awanp and lower tha inpoundaa 
area. At tha sane tine, tim craw cut tha atana of treaa ^Ich had wind- 
thrown 80 that the atunpa would fall back in place. Tha plpallna coiiq>any, 
and paraonnai fron tha MPSC, will check tha wetland croaalng In tha early 
aunnar of 1980 to aaa how affective thaaa efforta have bean. 

Projact peraonnel are eurrautly Involved with additional aite inter- 
pretation and dccunmtatlon of ROUa to fully evaluate the potential for 
remote w'snalng deeection of vegetation danage and change and drainage 
alteration- The atuiv la being conducted on a randon aaapla of altea 
identified by tha MPSC. MPSC atudlaa of thaaa and other altea, uaing 
terreatrial aurvaya, concluded that damage to vetlanda waa wldeapread and 
aerloua. To date, photographic analyala of both pre*' and poat-pipeline 



Figure T.—Plpella* Construction Study Area 




Figure •. — Locetlm of Project Site in 
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Figure 9 .— Pre-Pipeline Vegetation Cover-Type Map. 
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conditions has correctly identified several non-pipeline causes of damage. 
For example, in western Kalkaska County, desiccation associated with a pipe- 
line crossing near the lower end of a seepage wetland appeared to be the 
cause of death in a nearly 40-acre stand of eastern larch (Larix laracina ) 
and white cedar ( Thu la occidentalls ) (Fig. 11) . The damaged area was imme- 
diately downflow from the pipeline, and apparently the desiccation was due 
to Impoundment of wetland seepage by the pipeline. However, the pipeline 
was installed in 1962, and on x973 CIR (1:36,000) photographs, the trees 
appeared quite healthy. Inspection of 1978 CIR (1:24,000) photographs 
under medium-power magnification revealed that three-quarters of a mile 
upflow from the pipeline a colony of beaver had constructed a large dam 
and lodge. This dam captured the flow of a previously undetected artesian 
well near the head of the wetland, creating a 4-acre pond. In so doing, 
the beaver severely reduced the water available for seepage flow through 
the wetland, resulting in desiccation. The time of construction of the 
beaver dam corresponds closely with the appearance of the stressed and 
dying trees downflow from the pipeline. Therefore, it appears that the 
beaver are responsible for the swamp damage (if damage remains the proper 
term) . 

Efforts are continuing to complete an evaluation of the Impact of 
natural gas pipeline construction through streams and wetlands in Michigan's 
northern Lower Peninsula. Study conclusions will be compared with the tra- 
ditional (terrestrial) survey methods currently used by the MPSC. 
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A3. Identification of H«xardou« Waate« Dliposal Sites 


Ground Water Compliance and Special Studlea Section 
Water Quality Dlvlalon 
Michigan Department of Natural Reaourcee 
Lansing, Michigan 48909 

Serious toxic waste contamination problems, such as the highly publi- 
cized Love Canal situation In New York, have recently created concerns over 
the potential for human exposure to these hazardous chemicals. In response 
to similar concerns In Michigan, Governor William Milllken has requested the 
Michigan Department of Natural Resources (MDNR) to analyze potential hazard- 
ous chemical disposal sites and initiate a plan of action to eliminate any 
hazards associated with them. The MDNR Is currently making a concerted ef- 
fort to Identify disposal sites which need prompt abatement action. Approx- 
imately 20 such critical problem situations are in various stages of abate- 
ment at this time, with several cases already in litigation. Copies of 
several related news stories together with a copy of a letter from Howard 
Tanner, Director of MDNR to Governor Milllken (attached) provide a sampling 
of documentation of this dangerous situation. 

Despite the concerted efforts of the MDNR to identify these critical 
sites, many potentially hazardous sites go undetected. The assistance of 
the MSU Remote Sensing Project was requested in applying remote sensing 
technology in locating these toxic wastes disposal sites. Project In- 
vestigators developed two cechnlques tdilch show promise In providing the 
necessary information. 

Using both historical and current aerial photography (1938-1979) , 
investigators compiled time-sequential maps of areas surrounding selected 
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chemical plants (selected by the MDNR). These maps portray the sequence 
of events (e.g. road building, pit filling, bulk dumping, site growth, etc.) 
which have taken place around these plants. Preliminary evaluation by MDNR 
staff indicated that these maps will allow them to "reconstruct" the process 
and placement of hazardous wastes much more reliably than by the present 
method of studying existing conditions and interviewing plant management. 

Additionally, Project personnel are obtaining large-scale, color 
aerial photographs over areas of "suspected" dumpings. These photos will 
be analyzed and compared with current ground survey techniques to deter- 
mine their utility and cost effectiveness. Several MDNR offices (Water 
Quality, Ground Water Compliance, and Air Quality) have expressed sub- 
stantial interest in this project with the anticipation of adding a new 
tool to their investigative procedures. 

Subsequent progress reports and grant refunding requests will provide 
continuing descriptions of this extremely hazardous situation and how the 
MSU Remote Sensing Project is contributing to the actions for correction. 




31 


October 4, 1973 


Honoreble Wiltiea C. Milliketi 
Governor of Michigan 


ttn^lLVrY OF TH® 

State Gapltol Buildieg p‘GB IS POPI^. 

ORIGIKAB 


Lanaiog, Xichigaa 
Bear Governor Killikeat 


Ifi 


nouriNC. 

JI2!L«;£1si 

OffBf, P'r -TgRY. 


t^t. Oif O J s 
Environ. Pfol. 


Land 4 Wjttr 




annew 


Roewatton 


Reng<»a&>t Ra». 


I^>«lat»v Sarv. 


Policy 
Pfopram Review 


Eaac. AwHint 


Ba. 


IfIM 


R«0H Ntv. im 


I fully Phare the eoncema expreiaed in yonr Auguat 30 letter over Che 
potcRtial for hurean exposure to iiazarda aaccciaCcd with inappropriate 
vasec disposal in past years. Xa response to your request for an analysis 
of potential hazardous ehcuieal disposal sites and n plan of aetioa 
to cllBiaate any haearda associated with theSf 1 have initiated the 
following actions: 


1. Va are negotiatics vith SPA Co invoke the r.ur.horicy of Che Federal 
Resource Conssrvstlon and Recovery Act, P.L. 04*560, Section 3007, to 
rcqitirA approxisaCely 500 iedustries using potentially hazardous eeCcrial 
to report all ch<mical residue disposal practises used past and present. 
H'.is inventory vill provide InforcwCicn as Co the type of saterials 
dopes Iced, the Iccscion of Che deposit and dates when such deposition 
occurred. 


In U'idicion to this procedure, I have issued Che news release asking 
all irdusCrios end Che public to aid in locating any such hazardous 
waste disposal sites. Ve sncietpats that niieh appeals vill *cDcrete 
a response frnci industry end the public which will odd to our data bate 
for identification of potent iel problens. 

2. The Departaent of Natural Resources la presently evaluating Che 
use of renota sensing as an additional cool for locating present and 
past disposal sites. Contacts with personnel at Hiehigtn State Dnlversic^^'s 
Rexoce Sensing Ihroject Indicate so»e pronisieg possibilities. One approach 
toward detemining the Icestion of older sites would be to cenpare older 
cerial photographs (as early as 1533) with more recent iDoges, existing 
open cites cculd possibly he identified directly frc« recent infrared 
photos. The Michigan State University researchers were interested in 
ntjrs'jiz* this use of rerwte nenaing ami Indicated they could perfors 
aoue cf Che photo intarpret.-:t:ons (as d arson strati on projects) under 
pr*5»*ncly funded MAEA grants. 
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3. A coop«ratiY« effort u&dar derolopamt for aoM tive betweea BTA* 
the State Uaalth. Departaaent and the DoparfeMat of Hataral Xeaeoreea 
viXl begin la October to locate all pitOt ponda and lagoona eliera . fomr 
vaate diapoaal aetiritlea hare oeatrrod in tbo state.. Follcving eooplotioa . 
of this LBventeep £a Itajt I979« an aaalpaia will bo «ado of their greondwatar’ 
pollution potaatial. Vho end product* duo ia Jannarp 1980* will. bo . .. . 
an overriov of tho atato'a groindvatar contaadnation preblens- manltiag 
fre« u.-propor disposal of baaardooa liqoida and a plea of action to ‘ 
aolwe tLoa. • 

• ** * ■ *** *“ * ^ ^ -V- *0 ,• ^ 

A. ' The Vraourco Kccr/very Oiviaion will bo'coiadnetingf ca iawontorp * ^ 

and ewaloLtins all of tbo solid veato disposal facilities on record /* 
ia tbo nftxc^cwo yttmts. The inventorp ia- being condneted aa part, of ; - 
;tho State'a'partieipatioa in the Baaoorea Conserwation and Recorarp' . . * 

i!at. (SCIA) P.L. 94^580. The Division will bo ewalnating all solid..vaste v 7 
diapcaal faeilltiea to detendLse if tbcp Mat ecitoria aatabllahad bp'. ' 
tbo EFA and onr present standarda rolatiro to tbo potantial of tba- sites . ;V. 
poaius a reaaonabla probabilitp of adrerao affects oo hoalth or tbo 
cmrironnent'.'.. .. ♦ 




f— 

■ -1* ^ ■ 1% 
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.5. ilore earrenclp vn are tBsking a eonearted effort to idantifp .disposal . 
sites which need prospt abatenent action. Local goeamnental aganeiea 
(eouatp health offieicla and regional planning agencies) have been asked ; 
along with tbo general public, as naatioeed. In paragraph I, to adrise • 
na of potentiallp barardoua sites* Evaleationa will be nsde of all 
ouch sites, and those Chat eancot be upgraded will bo closed in an 
onvironsantally sound ctaonar to protect tbo health and safety of area' • 
residents. Approzinately 20 such critical problena are in ▼arioua 
stages of abatenent at this* tiaa as identified ia ap Julp'26, 1978, ' ‘ 

report to poo. If, in the case of abandoned or closed facilities, 
correetive aetiooa bp facility ouners or operators csimot bs brought .. 
about, it will be necessary that -we diaeusa a reliable procedum with . 
legal eouasol .to assure, initiation of any neecsaazp neasurea to protect ^ 
tbs public hesith aud safety. 

■ . '• *■ ■ ' -.V . ■ 

6. The goal of 'the Departaaat ia to develop a program to insure tho 
adequAcp of all hazardous vaata dispoaal faeilitiea.' Ve believo we- ' ■> 
can aecowpliah that goal through a eeobination of existiug authority ' 
under AcC 87, P.A. of 1965, tbrottgh proposed legislation (Bouse Bill 

4804) and bp obtaining authorization to isipleswnt a state program under - 
the Hazardous Waste ManageaenC Section, Subtitle C, of tba Resource ^ 

Conservation and Secoverp Act which is in progresa. 

7. * To help prevent unauthorized dowpiog of hazardous vasCas'ia the ' 

future, Miebigas plans to soon iaplentent a voluntary hazardous waste 
manifest system which will track each load of vaata from the vasts generator 
to its final disposal at an approved site. The system has been developed 
with the cooperation of Che Liquid Industrial Cootrol Association and 
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will b« CMqmearisad ao tb«i: follow-up aetioBO eaa bo qoicklf inltiatad 
OB ahipaaata of vaataa failiag to roach thalr iaCaadad doatioation. . 

Seah a aaaifaae ayataa £a nquirad for all atacoa uadar tho RC3UI Baaardooa 
Vaaea HcaagaaoBt taeciea. As 700 peiatad oat« B.B. 4804» tdaaa paaaod, 
will 8 ^^ Michifiaa tho atatutocy authority for iwplaMBtias ti&o ayatom 
with raapook'ta both aoUd.aad . liquid waataa* ? 

■ ■ ■ i ■ • .* «• .'•y , 

. 8 /- Iho Xetamo kceooary CoaadaaiM with tiiehaieal gttidaaeo titok tho. 
'Raaoarea IbMOfOcry Oioiaioa haa eoatraetad with, tho fin of Bceaiafooa, 
lDaihr.% cad’ Hiebardaoa to dawalop a> Solid Vaato Maaagaakaat Flaa -for tha . r.H; 
StcU^ of Kl^gan. -Iha plaa eoaaiata of 13 iadiwidcal taak ropoata*< * . ^ 

A proliiciaary draft of tha 13th caport doatiaf apaeifieally with Raaardoua :l 
^ TTaato >ltaageiieoc woo raeaivod ia Aoguat aad ia eartautly aaderseiac ■ * \--if 
\atcff :rha plao-.eorara all aapceta of'haaardoua waate eeatrol ' 

toad iippoara to pronrida'valuchlo faidaaea to our Dopartsoat.. Ihia report, 
.will tmdart^o the aritieal. raoiaw aad iapat-froa a Public Saeponao Pceol 
oatcbliahed ia 1977 to evoraao tho projact. Thia plaa wfaaa.fioalizcd. . .';7 
' will bo inserporatad aa appropriato iato aa ooarall filSl atratagy oo 
• Toxie l^atariala .Coatrol.eurroBtly baiag daoolepod by tho Saviroaaaatal 
‘Pretostiea Baxuau* 'f,, ' ‘.-.Vv • • •••■■ 


A,- : 


2 /-s 






9 . Tho DcrartBoat ia e'urroatly eoaloatiag 'all knowo potoatially..barardona 
diffpoaal'pcactieoa. Kaay aro ia tho procaaa of actiwo liticatioa (aa ' 
eoted ia oy- report oador Zteo 5 ) aad otharo aro ia tho fact fiodiag . 

. atagft undar roolaw by a apocial Problaa Soaluatioa CoaMittao aatabliihed 
ia.tho Feparcaaac ^o firat of this yaar. Thia ia aa on-goias review . 

’ prose 80 80 that now problesa will bo coatiaually prioritised and acted 
.oa ia a aastanr appropriate to. tho aaverity of tho altuatloa. .* ., j 




r <t- 
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10 •. Tho DapartBaat'a SaviroiaMBtal laforeoaont Division ia aetivaly 


■ravleving legally aetioaab la toxic aatariala problcaa. SaviroBaeatal 
atrategiaa aro -baiag davalopod vbieh iaelado potaatial fact fiadias 
eoita aad claao-up coata* Oar poaieioa, bovavar, ia that aoy eocta '■* 
required for the eleaerup of toxics aod pollutants will have co'ba borne 
by thoeo re 8 peotible» aad. not tha taxpayers of Miebigaa. 


I ^ . 


Vhllo there aro sarioua toxie weato ecotawiaatioa probleaa such oa Booker '* ■ ' 
Chaaieal, Lakevay.Chaaieal sad the Gratiot Couaty Landfill^ none- can < 

bo eespared to tho Raw Terk, Love Caael aituaeioa. Except for those 
easaa already .ia litigstioa, wa expect voluntary claan-vp to be aeeoopliahad. . 
aad those pursued through court eetioa ve expect court ordered clean- 
op at the discharser'i expenaa. Bowever, «w will take whatever oeciona 
are neeassary to safeguard tha public .health if a critical need ia identified 
ia the future. Thie auiy require the iaitial expandiCura of public funds 
to assure speedy proteecion of public safety. 
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Published by the Great Lakes Batin Commission, an agency to coordinate planning for Great Lakes water and land resources. 



Corroding barrels of wastes at Story Chemical Corp. in 
Muskegon, Mich., in late 1977. A cleanup is in progress. 


To Dwarf A Sleeping Giant 

Great Lakes Region Takes On Hazardous Wastes 


Last year, officials declared an emer- 
gency after increased birth defects, mis- 
carriages, and other health problems 
focused national attention on the fo'mer 
Niagara County, N.Y. chemical disposal 
site called Love Canal. 

Every year, spills and leaks involving 
unwanted industrial by-products occur 
throughout the Great Lakes Basin. 

Seventeen percent of the nation s haz- 
ardous waste producers are located in the 
industrialized Great Lakes states. One- 
fourth of the hazardous materials are 
produced here. The lakes themselves have 
accumulated hazardous wastes for de- 
cades. with those not flushed out settling 
to the lake and harbor bottoms. The 



Great Lakes Basin Commission has 
drafted a strategy to cope with the wastes 
(see From the Chairman, p.7). 

Hazardous wattes are in every com- 
munity. Some corrode storage containers 
and can damage human tissue Others 
may explode or otherwise react if ex- 
posed to heat, shock, air, or water. SiiM 
others may exp.^de spontaneously, eaten 
on fire, or emit toxic gases or fumes. But 
the most worrisome wastes are toxic. 
They threaten human health, can cause 
cancer and birth defects, can harm or kill 
fish and wildlife, and can result in serious 
economic losses. 

The U.S. Environmental Protection 
Agency (EPA) estimates that only 10 


percent of the nation's hazardous wastes 
removed from plant sites are disposed of 
adequately. The rest could contaminate 
groundwater through leaching or runoff, 
pollute the air through inadequate incin- 
eration, burn or explode, poison people 
through direct contact, or - most impor- 
tantly, in the Great Lakes — poison us 
through the food chain. 

Despite the urgent need for safe dis 
posal of hazardous wastes, public con 
sciousness of the problem's extent and 
possible solutions remains low. One U S. 
Senator called tne disposal problem "the 
environmental sleeping giant of the de- 
cade " Now, government is beginning to 
respond. 
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THE ISSUE: Toxic Substances 
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Basin Plan Aims at Toxic Problems 


discharge into the environment n effec- 
tive in tome cases and difficult m others 
(especially diffuse or nonpoint tourcetl. 
Source control it costly, but the price 
must be paid when the benefits of 
producing and using a chemical are 
thought to outweigh these costs. 

Which of these measures are mrst 
appropriate at part of a future control 
strategy in the Great L.<ket basin? The 
ai'Tswer depends on at least four critical 
issues: money, risks, disposal sites, and 
public attitudes. 

Money 

The key obstacle m controlling toeiC 
substances may be money. If fully 
implemented, federal and state laws now 
on the books are probably adequate to 
protect the Lakes and the basin's 
residents. The problem is that lank of 
adequate funding and manpt-wer could 
make implementation of these lasvs slow 
and ineffective. 

Many of today's taxpayers feel then 
burden is becoming unbearable Califor- 
nia's tax limitation (Pioposition 13) has 
triggered interest m Michioan and other 
states. At the same time, mflat on pinches 
both taxoayers and governint-nt Possitiiv 
futuie curtailments of st.ste and local 


3y John Hall, Water Resources Planner 
Great Lakes Basin Commission staff 


toxics are already present, we can either 
physically remove them or protect public 
hea'th by limiting people's exposure to 
contaminated food, water, or other 
materials. 

An International Joint Commission 
study on pollution iPLUARG) concluded 
that effective, large-scale removal of 
in place toxics is not feasible because of 
limited technology and prohibitive costs. 
Typical removal methods are dredging 
and confined disposal, purging of con- 
taminated groundwater, and excavation 
and incineration or storage of contam- 
inated soils. 

Such measures are only a reaction to a 
more fundamental problem. The most 
effective way to avoid toxic substance 
contamination is to prohibit manufacture 
and use of a harmful substance alto 
gether. Levels of DOT, for example, have 
been declining in the Great Lakes since it 
was banned in 1971 by the US 
Environmental Protection Agency. Out- 
right bans on a chemical, however, are 
not always desirable Economic, political, 
artd social factors must be considered 
along with public health and environ- 
mental effects. 

Control of toxics at the source of their 


Last month New York Health officials 
warned pregnant women and children 
under two to evacuate the Love Canal 
area of Niagara Falls. Their homes were 
being polluted by toxic chemicals seeping 
*rom the ground. More than 80 chem- 
icals, some of them suspected of causing 
cancer, were buried in a landfill there 26 
years ago. 

This was only the latest incident in the 
much larger set of problems posed by 
toxic substances contamination in the 
Great Lakes basm 

This editian o* the Communicator 
presents sonie of the many issues we face 
in solving these very complex problems. 
Many programs to manage toxic sub- 
stances are now being carried out This 
fall, the Great Lakes slates arsd the 
federal government will be setting a 
regional strategy for toxic conirul as part 
of the Great Lakes Basm Plan. 

Toxic Controi-How? 

There are two basic problems in 
(Xntrolling toxic substances: managing 
those already m the environment and 
preventing future contamination. Where 


States Discuss Toxic Probiems and Soiutions 


By John Hail 

Regional Planner, Policy Analytt 
Great Lakes Batin Commission 

"No issuf it more 'mportant or mort 
urgent today than the management of 
hazardous matoialt. The ttatet col- 
lectively mutt put tn place the ttept 
necettary to achieve agreed upon meat- 
:ret to atture protection of human healdt 
and the environment." 

Theie were the words of Michigan's 
Governor William G. Mitliken in hit 
iicning addrett to the first International 
Conference on Hazardous Materials Man- 
agement. held at Detroit's Renaissance 
Center on December 4 5. 

Addressing the conference at the 
keynote speaker. Governor Millikcn said 
he was ". . .increasingly concerned with 
what amounts to a nonsyttem m the 
United States which copes with haz- 
ardous materials." He called for sub- 
stantial action within one year. Hit 
remarks set the tone for the two-day 
conference. 

The State of Michigan and the 
National Governors Association spon- 
sored the event to sharpen understanding 
of the problems and the need for early 
state action. The Great Lakes Batin 
Commission developed several graphic 
displays for the conference and an 
information packet that was distributed 
to ail participants. 

Participants of the conference in- 
cluded representatives from 29 states, 
four Canadian provirscet, the U.S. EPA 
and Department of Transportation, the 
Great Lakes Basin Commission, the 
Internat'onai Joint Commission, and 
several other agencies. Private indststry 
was also represented. 

Billed as an international event, the 
conference was aimed >n part at recog- 
nizing the substantial movement of both 
hazardous wastes and darsgerous produen 
across the U.S./Canadian border. To this 
end. Governor Milliken called for the 
establishment of an international foium 
for effectively sharing information on 
hazardous materials. 
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DIWMwrne the eite e sa l ef hatareeus waiic dispowl dunmi e break ■» the eerrterence are Heft to riffiil 
Carv Gttatiiltar and MfUilam Marks frem the Mtehifan OeaerimerM ef Natural Raseurcet arte Lea 10111, 
Oiatrtnait ef the Oraat Lakes lasm Certtrmssrert. 


Throu^ a senes of major pi '‘menta- 
tions, parsel discussions, and informal 
interaction, participants were able to 
discuss the problems m great depth. Afte-' 
all the concerns and frustrations were 
aired, recwnmendations were formulated 
on how to effectively handle the 
situation. 

General agreement and consensus was 
reached by the conferees on the following 
points; 

• Tokic and hazardous materials prob- 


lems jre too serious to wait for the slow 
and -.<;ien tedious process of the develop- 
rrent of adequate federal regulations. 

• States mutt take the initiative and 
act rogether -.vithin one v*ar to solve the 
nat-ci-'r serious hazaidout materials prob 
lems. 

e L..il><l>tv for hazardous waste dis- 
posal me drills such as Love Canal m 
Buffalo, New York must be resolved by 
Congress as soon as possible. 


The GL8C praparad a 17 page information packet for the International 
Conference on HazerdosiS Materiais Management, held m Detroit on December 4-5, 
197B. Included in the packet is ■ profile of all suit toxic and hazardous substance 
pregratna, a chart detailing the responsibilitiet for federal agtncias under exitting 
federal hazardous and Mxic matanels laws, existing federel reguletions for interstate 
commerce shipment ef hazardeut materials, and axamples of some emergenciet 
ineoieinf hazardous meteri^. 

For your frae copy of tha packet, request it from; Great Lakas Basin 
Commission. Public Information Offiea, P.O. Box 999. Arm Arbor, Ml 48106. 
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Hooker, state pact reached 


By Tht AModaicd Prm 

Hooker Chemical and Plastics Corp. 
officials 10 Monugue have agreed to 
abide by a preliminary court injunction 
and interc^ contaminated groundwa- 
ter around the plant before it reaches a 
nearby lake. 

In^m County Circuit Judge Mi- 
chael Hamson granted the injunction 
Wednesday to .Attorney General Frank 
Kelley, who called for insullation and 
operation of a "purge well” r/stem to 
intercept the company's contaminated 
water before it flows into White Lake. 

KELLEY SAID Hooker officials 
have agreed to insuU the purge wells. 

"We still have a long way to go be- 


fore we solve tne problem, but this is a 
bepuung.” Kelley said. 

He termed the company's attitude 
comrauve. 

Kelley filed suit against the com- 
pany Feb. 2S. after the Depanment of 
Natural Resources showed toxic 
wastes, including C-M. had been 
dumped on the firm's 880acre site 
since the early 19SOs. 

The wells will prevent further con- 
tamination of White Lake while the 
state lawsuit pursues a full cleanup of 
the Hooker facilities, according to 
Kelley's office. 

THE WELLS must be sunk within 60 
days, according to the court order. 





Poison-dumping firm 
agrees to clean mess 


By The AsMdated Press 

A Grand Rapids waste hauler has 
agreed to pay cleanup costs for ille- 
gally burym* 7.300 gallons of the toxic 
chemical C-S6 in a Montcalm County 
landfUI. Attorney General Frank Kel- 
ley announced Monday. 

Approved Industnal Remover Inc. 
must alro pay the state S18.000 in fines 
and reimbursement for expenses in re- 
moving the toxx waste and contami- 
nated soil from the Central Saniury 
Landfill. 

C-31 IS the major component of the 


pesticides Kepone and M.rex. The 
dumping of C-36 into the sewer svstem 
of LouisviUe, Ky.. in 1976 resulted in 
the temporary closing of th-.- ewer 
system, expenditure of millions of dol- 
lars and the forced dumping of raw 
sewage into the Ohio River. 

Bunal of C-56 in the Montcalm 
County landfill was discovered m 1977, 
before any of the ohemical had spilled 
into the surrounding areu. 

Under the agreement with the state. 
Approved Industnal Removal must 
place $13,000 m escrow until March 
1976 in the event money is needed for 
cleanmg nearby water welh. 
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State launches study of 
toxic waste disposal 


BjrJERRVMOSKAL 
Capital Bureau 

Toodc industrial wastes are pflkig up at the 
rate of 10 niUioa gallons a ye«r in A&diigaa as 
tempoiary storage facilities :« ome scarcer. 

Because of the probtem, • state is step^ 
ping up efforts to get into the waste disposal 
buSness itself or to encourage private en> 
t«prise to undertake the task. 

NO place in lifichigan to dispose ' 
of toxic hazardous niatwial,” said William 
Marks, assistant deputy director (rf the De> 
partment of Natural Resources. "The nmtnal 
industrial waste is being handled. 

“But things like PCBs are in temporary 
storage. Sooner or later the contaiMrs are 
going to start to deteriorate." 

State officials said that 100 million gallons - 
of industrial waste are produced each year in 
Michigan, 10 per cent of them toxic. 

CONCERN OVER the problem prmnpted 
the Legislature’s Capital Outlay Committee to 
)ut up S90,000 to aait a DNR studty diat will 

take' four or five months to complete. 

“We're working on site criteria,” said 
Marks, DNR’s environmental protection 
chid. “I doubt if we’U be sdecting a site. But 
we need this information if the state goes 
ahead or not" 

He said the heavily industrialized southern 
part of tl» Loww Pninsula is tte most Ukdy 
spot for the $50 milUon facility. The site wiQ 
have an incinerator as well as burial gmmds. 

ONCE THE study is completed, DNR will 
submit its recommendations to the Public 
Health Committee. DNR officials lean to a 
state-operated facility while some legislators 
favor a privately-operated disposal under 
state supervision. Several bills have been 
introduced. 

Besides PCBs. the state also faces the 
mind-boggling problem of what to do with 
PBBs, hexachlorobenzene, cyanides, phenyls 
and a host of other dangerous wastes. 

Marks estimates that tens of thousands of 
pouiKls of PCBs are stockpiled in industrial 
areas of the state, much of it in warehouses 
and other temporary facilities i the South- 


east Michigan area neiur Detroit. 

PCBS» A HEAT absmber, contaminated 
Great Lakes fish to the point whme the U.S. 
Food and Drug Administration issued a health 
warning. Since state and federal laws banning 
the toe of PCBs were adopted several years 
ago, PCB levels in fish have dropped. 

The diemical came into use in the late 1930s 
and ea^ 1940s as a heat absmbmr in etectrical 
transformers, auto brake fluids, teJevtsion 
c adtors, light ballasts and in industrial pro- 
cesses. 

The material vrarked its way into the lakes 
as PCBs were dumped into sewage ^ems, 
fran spills in rivers a»l streams that flow into 
the lakes, and industrial smokestack dis- 
charges. 

ONLY INCINERATION, Marks sakL can 
dedroy PCBs. They have to be burned at tem- 
peratures of more than 2,500 degrees for long 
p^ods of time. Only a handful of such incin- 
erators exist in the country, induding Ala- 
bama. Arkansas and Omgon. 

After the study is < ig)lete, he added, it 


would take two years before a site is desig- 
nated plus an additionai two years to build it. 

“The kmgm this goes into Um future the 
more it will cost, the way things are going," 
he warns. 

SUCH A LONG list of toxic compounds are 
in use that state officials aren’t exactly sure 
where everything is or the exaa extent of tl» 
problem. 

The situation is similar tfarou^iout the 
ei^t-state Great Lakes Basin. The Interna- 
tional Joint (U.S.-Canada) Commission’s an- 
nual report called for both countries to inven- 
tory more than 23H> toxic compounds known 
to be in use in the basin. 

Rep. Thomas C. Mathieu, D-Grand Rapds, 
who neads a special committee studying the 
toxic waste problem, said stiff opposition can 
be expeded whatever location is picked for 
the toxic waste disposal site. 

"NO ONE IS going to hold up their hand to 
volunteer to be the location for a hazardous 
materials waste site,” he said. “That's not 
going to ha pen.” 


lansir.^ itate Journal, 1' ; larch 1579. lansir..? liichija:: 
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A4. Integrated Pest Management Sy«fn» 

Departments of Botany & Plant Pathology and Entomology 
Michigan State University 
East Lansing, Michigan 48824 

Bttoote Sensing Project investigators. In collaboration with faculty of 
the MSU Departments of Botany & Plant Pathology and Entomology, conducted 
several small pilot studies aimed at incorporating infonnation from remote 
sensing data into on-line integrated pest management programs. Two major 
studies were carried on during the grant year period.* The first study 
Investigated damage distribution assessment and biomass loss to small grains 
caused by the cereal leaf beetle. TIm objectives of this investigation are: 

1. To estimate wlthin-fleld damage and biomass loss caused by 
Che cereal leaf beetle using infrared aerial photography 
of individual oat and ^.eat fields in Kalamazoo County, 

Michigan; 

2. To identify small grain fields (oats and winter wheat) using 
Infrared aerial photography by photographing a transect 
across Kalamazoo County; and 

3. If objective 2 is possible, Chen to identify, using tech- 
niques developed in objective 1, different levels of damage 
and biomass loss caused by the cereal leaf be^ tie from 
county transect photographs. 


* It should be realized that seasonal constraints limited the period 
of time for carrying out active field research. 
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Faculty Investigators, through ground surveys, have identified sample 
fields for objective 1 and conducted a survey to Identify a flight transect 
for objective 2. Aerial photographic data will be collected on a periodic 
basis with a^Lual timing of the flights to be determined from ground 
conditions as measured by the faculty investigators. 

The second study was conducted to determine the utility of aerial IR 
photography to detect X-dlsease (a fruit tree disease transmitted by sev- 
eral species of leaf hoppers) Infected trees in individual cherry and peach 
orchards located in southwest Michigan. Procedures similar to those out- 
lined for the cereal leaf beetle project are being employed. Faculty in- 
vestigators have already identified sample orchards which: 1) contain X- 

disease infected trees; 2) have ground collected data over several years; 
and 3) are owned by individuals willing to cooperate with the researchers. 
Actual flights were scheduled for mid-summer (1979) when the disease symp- 
tomology would first begin to appear. Additional flight lines were sche- 
duled over areas, determined by ground observations, to determine the 
ability to detect host chokecherry bushes. Because chokecherry is the 
main source of X-dlsease propagation, a major control technique is the 
identification and eradication of all chokecherry plants near stone fruit 
orchards. 

These dual studies were not completed during the grant progress report 
year; they were continued into the summer of the next (1979-80) research 
year; so, more findings and actions will be described in the next reporting. 


A5. Analysis of Landsat Data In Updating Forest Inventories 


County Director 

Cooperative Er^tension Service 

Courthouse 

Reed City, Michigan 49677 

Packaging Corporation of Aaerica 
Woodlands Department 
Filer Clty» Michigan 49634 

Remote sensing, in the form of small-scale color-infrared photography, 
has been successfully applied to forest ov a- type inapping and inventory in 
Michigan. Five counties have con^leted inventories with several more In 
various stages of production. Each of these inventories involves a substan- 
tial expenditure of time and money. Although the forests may remain ecolo- 
gically stable over a short time If left alone, man's impact Is often sudden 
and dramatic. Clearing of forests for highway rr'ghts-of-way, second home 
developments, and similar Intensive uses and the harvesting and silvicul- 
tural treatments (e.g. thinnings and plantings) applied to the growing of 
trees for fiber can produce a profound Impact on the forest resources of an 
area. 

Project investigators designed updating methods and sequential proce- 
dures using Landsat data CCCT's, black-and-white imagery, and dlazo compo- 
sites) to detect and Identify changes in the forest since the original in- 
ventory. This pilot demonstration was conducted in Osceola County, Michigan, 
in connection with a forest management portfolio being developed through a 
grant from the MSU Agricultural Experiment Station. The procedures devel- 
oped during this study will be applied to a test site during the upcoming 


grant year. 
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B. USER SERVICES and INSTITUTIONALIZA- 
TION of the REMOTE SENSING PROJECT 


I ^ 



I 
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Through the full extent of the reporting year, the Project personnel 
continued to respond to a myriad of requests from Individuals and organi- 
zations for Information and assistance. In an overall fashion, the RSP 
serves as a "reference service" for an Increasing number of public and 
private organizations. Requests range from how to gain access to NASA 
photography and Landsat frames; to providing some training in image inter- 
pretation and use of various kinds of equipment; to giving presentations 
at on-campus and off-campus classes, workshops, and conferences; to pro- 
viding more sets of aerial obliques of the Detroit River land edges and 
of other terrain situations; to directing inquirers to productive sources 
of further materials and information sources; to helping users analyze 
problem situations and how to set about probing for solutions; to deriving 
data classifications and related procedures; to correlating remotely-sensed 
data with other natural and cultural resource information. These many kinds 
of inquiries are responded to as well as time, space, and facilities can ac- 
commodate. Such services are unsolicited, ad hoc, and are fit in among the 
on-going units of research applications. 

As requests for special services are generated by the reputation of the 
RSP, so too do the performing of services sometimes lead to developing con- 
tractual arrangements for research endeavors, for a variety of Information 
collecting, tabulating and analyzing, and for training. In all these ex- 
periences, awareness of the capabilities and versatility of remote sensing 
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toagary for both short- and long-term usage increases. . .an ever-expanding 
"comnunity of users'* is sustained. 

These cannot be reported simply in categorical and specific terms; but, 
surely, these smaller scale activities continue to press our staff and faci- 
lities. One major kind of special service, that of training of staff pro- 
fessionals of State departments, continued to be an ever-present market. 

The Project logistics are severely limited in terms of "up-front" develop- 
ment funds, manpower, equipment, space, etc. to do more than respond, ad 
hoc, to requests for training. To perform effectively in a training medium, 
enabling support is needed. With a modest sum of support funds, the MSU 
Remote Sensing Project could develop materials for units of training (or 
call such, "technology transfer"), train in-house instructors, tool up 
with training equipment and related software and undertake an aggressive, 
on-going center for training all kinds of clientele in remote sensing 
methods and related analytical processes. We view this kind of mission 
as a most important one whereby the productivity of RASA investments can 
be maximized in terms of benefiting people and resources. . .at least, 
the people and environment in Michigan. 

As reported in the last Progress Report, the initiation of workshops 
for Cooperative Extension Service personnel (with a large portion of costs 
covered by the CES) continued through the reporting period. And, during 
the latter half of this period the possibilities of having the MSU Project 
organize a continuing schedule of training workshops for staff of several 
State agencies began to be discussed. (Note: In January 1980, these 

agencies have initiated actual negotiations for training services.) 
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The second activity to be reported on under this section relates to 
the processes of achieving official recognition of the Project as a "Center" 
within the University structure. 

What we have come to call "Institutionalization" of the RSP advanced 
to the stage where, after many conferences (as previously reported) with 
higher administrative officials, a formal petition was submitted in May 
1979 to the Deans of the four Colleges with which we have been working 
and to the Associate Provost who agreed to serve as the coordinator of 
this endeavor. 

During June 1979, a series of conferences with the Deans and Provost 
developed Into basic acceptance of the proposal, leaving joint negotiations 
between these principals for deciding on essential support features to be 
followed by signing of a joint declaration. Because some of these princi- 
pals had to be absent during the summer months. It devolved that final ac- 
tion had to be delayed until early fall. 

In the following text, part B-2 (page 51) consists of a synopsis of 
the Institutionalization petition text which summarizes the plan the fac- 
ulty and staff of the RSP judged most reasonable and workable, together 
with the rationale justifying the requested enactment. 
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Bl. Cooperative Extension Service Work«hops 

As reported In the last Progress Report, arrangements were Initiated 
on a cost-sharing basis with the Michigan Cooperative Extension Service 
(CES) to Introduce remote sensing technology and applications to the staff 
of county- level agencies in Michigan. 

A series of seven one-day remote sensing workshops were conducted for 
278 participants from 38 counties In Michigan. The workshops were set up 
by the District Extension Leaders in cooperation with the County Extension 
Directors who invited appropriate persons or representatives from organiza- 
tions and agencies in their counties. Most of the participants were local 
governmental officers, county planners or CES personnel (Table 4). 

Table 4. — Agency Affiliation of Workshop Participants. 


Agency 

No. 

Agency 

No. 

County Government 

34 

Road/Drain Commissions 

16 

Cooperative Extension Service 

43 

Tax Equalization Depts. 

23 

Health Departments 

9 

Township Government 

19 

Planning Offices 

49 

U.S.D.A. (ASCS/SCS) 

21 

Private Firms 

9 

Unspeclfled/Other 

55 



I 
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The major objective of each workshop was to improve participants' aware- 
ness and understanding of remote sensing technology and applications. A typ- 
ical agenda for a workshop is given in Table 5. The program started with an 
overview of aerial imagery that Included a slide presentation on the spectral, 
radiometric, spatial and temporal advantages of remote sensing for earth 


i 
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Table 5. — Remote Sensing Workshop Agenda. 


A. Introduction to Remote Sensing and Resource Invmtory Techniques 

1. An Overview of Aerial Imagery: Types and Characteristics 

2. Sources of Aerial Imagery 

3. Inventory Procedures 

B. Appllcatlor.^ cf Remotely-Sensed Data In Michigan 

1. Organizations Conducting Applications 

2. Land Cover/Use Inventories 

3. Improving Local On- Land Action Programs 

4. Implementing Environmental Legislation 

5. Agricultural Assessment 

6. Computer-Based Mapping Systems 


resource studies and a series of examples of Its utility. Participants were 
shown a variety of aerial Image types \d.th emphasis on color-infrared (CIR) 
photography and Landsat data. Examples of aerial Imagery along with hand 
magnifiers and stereoscopes were available for Inspection between sessions. 
These examples Included demonstration boards and selected prints and trans- 
parencies of the local area. For many participants It was the first time 
that they had seen Landsat Imagery and CIR photography of their area, and 
stereoscopic viewing of the CIR transparencies was an Important and graphic 
aid to realizing the potential of remote sensing technology. 

The availability and major sources of aerial imagery were presented 
through a review of a packet of handout materials given to each participant. 
A slide presentation was made on land classification systems, photographic 
Interpretation, equipment, and mapping techniques. 

The second half of the workshop dealt with applications of remotely- 
sensed data In Michigan. The organizations conducting remote sensing 
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l^>pllcatlons in Che state were identified and listed and a description of 
their activities was provided either In handout materials or In demonstra- 
tion materials on display Cables. The presentation focused on the activi- 
ties of the Remote Sensing Project and highlighted selected applications. 

These exemplified the nature, scope and "real world" benefits of remote 
sensing. During the past eight years, over 40 applications have been under- 
taken by the Remote Sensing Project t^lch have been grouped under four major 
categories: land cover /use Inventories, on-land action programs, environmental 
legislation, and agricultural assessment. Several applications within each 
group v^.re discussed in detail. These were selected based on Issues import- 
ant In the specific geographic area of the participants (Table 6) . 

Table 6.— Selected Remote Sensing Project Applications. 


LAND COVER/USE INVENTORY 

+ Land Use Planning 
+ Detroit Riverfront Analysis 
+ Forest Management and Timber Acquisition 
+ Recreation Potential of Wild Areas 
+ Wetlands Analysis 

IMPROVING LOCAL ON-LAND ACTIONS PROGRAMS 

+ Abandoned Vehicle Clean-Up 
+ Control of Mosquito Breeding Sites 
+ Surface Water for Recharging Fire Trucks 
■t* Impact of Off-Road Vehicles on Sand Dunes 
■f Impact of Pipelines on Wetlands 

IMPLEMENTING ENVIRONMENTAL LEGISLATION 

+ Soil Erosion and Sedimentation Control Act 
+ Farmland and Open Space Preservation Act 
+ Wilderness and Natural Areas Act 
+ Sand Dune Protection and Management Act 
■f Federal Resource Conservation and Recovery Act 


Tftbl* 6.-- ‘(cont'd.) 


AGRICULTURAL ASSESSMENT 

■t- Idraciflcatlon of "laportant Farmlands" 
■f Facility Location Studios 
Plant Biomass 
* Crop Damsgs 
■f Past Manas 


Tbs applications vara prasantad through slidas and a amary narrativa. 
Other examplaa of ramota aanaing applications vara illuatratad through daaon> 
stration boards, display literature or handout materials. 

The last topic addressed was geographic information systems. Specific 
attention was paid to grid-based computer mapping systems and in particular 
the Resource Analysis Program (RAP) developed at the Ramota Sensing Project. 

The advantages of spatially referencing and analysing other resource informa- 
tion (e.g. soils, topographic and geologic) with that obtained from remotely- 
sensed data were emphasized. Examples of computer-generated Interpretive maps, 
derived through several overlay and site index scaling routines, illustrated 
the versatility of integrating and displaying resource information using a 
geographic information system. Application topics covered included general 
land use planning, limitations and suitabilities of the resource base for 
selected on- land developments (e.g. solid waste disposal sites), farmland 
appraisal and forest resource Inventory and management. 

A discussion period followed each session and in most of the workshops 
there was active participation by the attendees. They were mainly interested 
in: 1) more detailed information on the applications that were presented; 

2) the costs of conducting such applications; 3) what types of products and 
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services ere evalleble from remote sensing groups; and 4) whether r«Bote 
sensing could provide information relevant to a local problem. 

The workshops were well attended because of the enthusiasm of the 
Cooperative Extension personnel » the effectiveness of their network in 
alerting people to new developments in the natural resource field, and 
the high level of participant interest and curiosity about rsaote sensing. 
The participants were generally surprised that remote sensing has practical 
utility and is cost-effective in so many resource problem areas. Overall, 
the series of workshops were highly successful snd participant feedback has 
been very favorable. A substantial nuaA>er of decision makers in Michigan 
are now aware of a new tool to call upon in their response to local land 
use problems. 
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B2. 




Synoptli— A P#tltlon for E«tabll«h— ot of • C«if r Function* Michigan 
Staf Unlvrilty*« Rol« in B— of 8«»ln« to—rch iind 8«vlc« 


Michigan Seat# Onlvaralty waa anong cha flrat unlvaraltlaa to axparl- 
■ant with tha uaa of raanta aanalng Inagary for dealing with laauaa of nan 'a 
uaa of land and Ita many ralatad raaourcaa. From auch tantatlva baglnnlnga 
In tha nld-1960'a cua a najor grant froa tha National Aaronautlca and Spaca 
Adnlnlatratlon (NASA) In lata 1971 for axploratlon In uaaa of raaota amalng 
for land uaa policy formulation and prograaa of laplaaantlng actlona. Ovar 
thla brlaf apan of 15 yaara» MSU haa davalopad a aubatantlal co^patanca In 
aclantlflc paraonnal, facllltlaa» and aqulpnant. Thla growth haa baan In- 
craoantal, baaad on ad hoc andaavora with apaclflc allocatlona of financial 
support froa granta and contracta. . .all from sourcas outalda tha Unlvaralty. 

Thasa Incraanats of growth hava baan drawn togathar slnca 1971 in an 
unofficial collaboratlva organization, aalf-tlt],ad aa tha "Raaiota Smslng 
Projact" (RSP), nada up of faculty sclantlsts ai^ staff froa a dlvarsity of 
diacipllnas from nina dapartmanta/schools dlstrlbutad among four collagas. 

Tha natura of tha Proj act's mission was datamlnad by tha comnltBnnt of tha 
original proposal and grant from NASA, naaaly to provida public ttd private 
agancias In Michigan assantlal Information darlvad from sansor Imagary which 
can assist than in rasolving Issues and needs, and interpreting and analyzing 
such Information so that more affective nanaganant of economic and anvlron- 
mantal resources may be achieved. 

At this stage. In early 1979, tha variety and magnitude of angaganants I 

and tha scale of financial support are such that this harvest of continuing 
connltmants and achiavaaents needs to be drawn togathar into a raco^ized 



institutionalized structure. 
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Accordingly, ch« faculty Invaaclgatora and raaaarch ttaff of the MSU 
Rtaota Sanalng Project raa|>aetfully patition t)M dama of the four collagaa 
participating in tha actlvltlaa of tha Projact to join in approprlata con- 
aortiuB to racognlaa the Raaota Sanalng Projact aa a worthy raaaarch and 
aarvlca entity of the Unlvaralty by aatabllahlng It aa a continuing, of- 
ficial "Cantor for Ranota Sanalng." 

Objactlvaa 

Uhat la balng raquaatad, baalcally, la to racalva appropriate recog- 
nition 3nd conflroatlon of tha raaota sanalng antarprlaas as an official 
entity under tha support and direction of four collages whereby a contin- 
uing operation nay be assurad. Ua are essentially asking to be enabled 
to continue, with consistency and dependability, those kinds of engagaaancs 
that have bean dona over tha eight-year llfatlne of the current Projact; but 
to do such aore effectively regardless of fluctuations In funding support 
and to strengthen certain capabilities not yet adequately achievable. 

More specifically, the objectives u£ a C«r.tsr ‘tz co acver.ee the ap- 
plication of remote eenslng through varieties of Information formats and 
systems related to terrestrial reeourcas by means of research, extension 
services, technology transfer, tralr.ing end Instruction services, and ex- 
perimentation with methods for Information derivation, storage, and analy- 
sis, etc. The Project has been engaged with varying emphases and concen- 
trations In all of these aspects; no new emphases are being proposed as 
additions. What Is sought Is that all of the component areas of /esearch, 
service, and training be strengthened and built up under appropriate spon- 
sorships. 
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Organizational Structure and Administrative Placement 

The organizational structure within the proposed Center would be es- 
sentially the same as within the current Project. The principal features 
of the existing management format of a four-member Executive Committee, the 
Faculty Investigators Group, the Director and an Associate and an Assistant 
Director, Managers, and a potpourri of functions performed by other func- 
tionaries, such as the Principal Investigator of the NASA Grant. 

However, It Is proposed that al.l functional requirements, duties, re- 
sponsibilities, and authority be re-adjusted and redistributed In ng)re sys- 
tematic, vertical llne-of-authorlty configuration. The essential features 
of a new Center call for reshaping the Internal structure with the Director 
acting as the chief executive performing full leadership and principal exe- 
cutive roles reinforced by Associate and Assistant Directors. The "Execu- 
tive Committee" will be lowered in profile and blended Into the "Center 
Executive." 

A high-level Consultive, Advisory Group consisting of deans and/or 
their representatives will act as the administration's guiding force. An 
Administrative Assistant will be a new role whereby the Director will be 
relieved of the routine features of management. . .budget monitoring, per- 
sonnel processing, reports, office supervision, etc. 

Contacts and Interactions with department chairmen, deans, and other 
higher administrative officers within the University, with NASA officers, 
and with federal, state, and regional agencies, plus private firms would 
be clearly regularized In a conventional vertical flow. The juxtaposition 
of the Center with higher administrative levels is proposed to consist of 
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placement under a consort lum of the Colleges of Agriculture and Natural 
Resources, Social Science, Natural Science, and Engineering. . .plus other 
functional entitles Judged by the deans as needed and appropriate (e.g. 
Office of Research Development, Agricultural Experiment Station, and Co- 
operative Extension Service). 

The manifest need for one college to serve as the "lead" unit for dir- 
ect administrative supervision and actions Is viewed by the Faculty Investi- 
gators and Research Staff Principals as logically being the College of Agri- 
culture and Natural Resources with the appointment of a particular officer 
as the Interfacing, liaison administrator for direct policy, program and 
management needs. The RSP Principals suggest this College for a number of 
reasons, such as past and current administrative relationships with Agri- 
culture and Natural Resources, recent budget contributions (over the past 
year) , plus favorable signs as to continued and expanded support by the 
AES and CES; the subject matter Issues Involved In Project applications 
over the years have been predominantly in natural resource related Issues. 
The recent entry (1977) of the International agricultural concerns of land 
cover and land categories, productivity, crop stress, and Information sys- 
tems In developing countries (CRIES* project) indicate potential continuity 
and growth In these kinds of involvements. 

In light of such considerations, the Faculty Investigators and Research 
Staff Judge the placement of the Center under the administrative lead of the 
College of Agriculture and Natural Resources to be the means for providing 
optimal administrative effectiveness for a productive and highly functional 


* CRIES: "Comprehensive Resource Information and Evaluation System" 
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ressarch-servics-trainlng entity. However, we wish to underscore the cru- 
cial, indispensable iiq^rtance of all four colleges and nine departments 
participating fully In the substantive activities of the Center, whereby 
Faculty Investigators are judged to be the Initiators, the leaders, the 
catalysts. . .and the crucial Interface with departmental faculty and 
students. There would be considerable potential for direct participation 
and cooperative ventures by additional disciplines and research units. 

The success of the Center, as proposed, will depend on the realiza- 
tion of three key administrative features: 


1. The forming of a WORKING CONSORTIUM OF COLLEGES related to 
the fundamental need for sustaining the integrity of the 
imiltidlscipllnary nature of the Center and providing open 
entree for all Interested scholars from the host of disci- 
plines represented by the Colleges. 

2. ADMINISTRATIVE AUTONOMY — The Center should function adminis- 
tratively In ways and procedures similar to those of Instruc- 
tional departments and schools. There should be no depart- 
ment intervening between the Center and the "lead college." 

3. Institution of a CONTINUING BASE OF FINANCIAL SUPPORT to In- 
sure maintenance of a core staff, providing basic operational 
security, ahd Imparting flexibility and versatility of per- 
formance. 



Status of Remote Sensing at MSU 

Remote sensing technology Is Increasingly expanding In scope and capa- 
bility. New opportunities for viewing the natural and man-made environment 
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are repeatedly opening up in magnitude and contexta never before adequate 
or possible. Increasing mmbera of individuals and agencies are becoming 
familiar with remote sensing as a valuable means for deepening and extend- 
ing environmental understanding: remote sensing is being "discovered" by 
officials and technicians as a means for gaining essential information for 
resolving old Issues and problems. Furthermore, as such understanding and 
utilization grows and as new generations of sensors are launched into space 
(e.g. Landsat), more elaborate and sophisticated hardware and software sys- 
tems are steadily proliferating. 

The tempo of remote sensing activities is increasing and so is the 
atmosphere of competition. MSU must escalate its range of competencies 
to advance its productivity for the benefit of ecological and societal con- 
ditions in Michigan and to maintain its national and international promin- 
ence as a center of remote sensing experience. 

The conversion of the functional eles«nts of the RSP into an Institu- 
tionalized Center can be Justified on many reasons of strength and vulner- 
ability. The RSP is an existing, dynamic, successful venture; it is not a 
theoretical, promising concept. . .it is a realltyi It is fully reflective 
of the land-grant principle; It'has become the center of Interest and pro- 
ductivity for remote sensing activities within MSU (other than instruction) . 
It can serve this purpose more fully as a central resource for support of 
faculty and students, for special kinds of technical information, for re- 
search management, for technical back-up of expertise and equipment for 
both routine and complex research enterprises. 
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The nine Faculty Inveatlsators and 22 Technical Staff Members (four 
full-time research specialists and 18 part-time research assistants) are 
currently carrying on over $S00»000 worth of grant and contract research. 
Over the past eight years, a total of $1,591,522 has been paid Into MSU 
by remote sensing engagements, and of this, $313,380 In Un.kverslty over- 
head costs have been collected. By the end of 1978, a total of 33 re- 
search studies had been completed under NASA grant sponsorship, and an 
additional 11 were carried out under contracted efforts. 

In contrast to such positive factors, there are many of a limiting 
or constraining nature. The Project operates with no official standing; 

It Is a series of ad hoc, day-to-day cooperative efforts supported by soft 
money. It cannot legitimately represent Itself or the University In any 
situation, and thereby, does not have official back-up, rendering It highly 
vulnerable to a host of possible negative forces and events. It has no base 
of continuing support and must work strictly within the limits of ad hoc 
grant and contract commitments. It has no clear-cut, coherent administra- 
tive roles and executive structure, with Indxstlnct chaln-of-command link- 
ages and flows to and from upper levels of administration. 

Administrative authority Is ambiguous and dispersed and administrative 
leadership Is piecemeal, lacks focus, authority, strength, and consistency. 
The full sweep of administration from broad-scale policies and actions to 
the minutiae of dally tasks Is handled by reaction rather than systematic 
rational management. Budget management is conducted by a departmental pro- 
cess that understandably has to consider the departmental missions, needs 
and Issues In higher priority. 
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Management of peraonnel la dlaperaad among aaveral functionaries, the 
responsibility of no one executive authority. Again, such are handled by 
reaction rather than coherent, efficient administrative processes. With 
the limiting scopes of grants and contracts, potential promising opportu- 
nities for additional funding are regularly lost for want of budget lati- 
tude and flexibility whereby personnel can legitimately pursue them. 

Admittedly, converting the current Project Into an official Center 
will not automatically erase constraints and reinforce strengths. With 
the establishment of the administrative structure and placement among the 
four Colleges, It trill be possible to utilize executive competencies from 
within the Center and from administrative resources of the Colleges and 
their agencies to reorganize managonent elements into an effective opera- 
ting system. 

With the establishment of a Center and the realization of the three 
key features of: 1) the consortium of Colleges; 2) a degree of Center 

autonomy; and 3) a continuing base budget. It would be possible to address 
these Issues of leadership and management forcefully, and to moderate, even 
eliminate, most limitations— If not all. Furthermore, with the organiza- 
tional structure and administrative linkages being proposed. It will he 
possible to strive aggressively and steadily toward achieving stated ob- 
jectives. 

Supported by the provision of an adequate base budget, the Center 
principals will be enabled to pursue and develop other sources of support 
for the different phases of the Center's operations from a host of poten- 
tial sponsors for research, training, and service programs. The Center 
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could make known Its competencies through the University for assisting 
scholars appropriately in their research endeavors. 

Conclusion 

The momentum of the MSU Remote Sensing Project is in full motion. We 
are compelled to admit our enthusiasm and the sensing of excitement of new 
enriching dimensions to be gained. We lay claim to being agents for bring- 
ing enhancement to MSU's reputation— in this case as a recognized center for 
remote sensing research applications and information services. We seek to 
capture and systematize this critical mass into a stable Instrument to 
enable the University to serve still better the people of Michigan. 

Whatever the resolution of this petition for institutionalization may 
be, it is highly important that MSU maintain its leadership in such a 
rapidly developing technology. Whatever the organizational format, ade- 
quate laboratory space and facilities, up-to-date equipment and software 
must be in adequate supply, and key personnel must be retained if our con- 
tinuing endeavors in rerote sensing are to nurture the expansion of know- 
ledge and the continuing education and training of new generations of 
scientists and technicians. 




C. CONTRACTUAL SERVICES 


Whan inqulrlM for s«rvic«s for rooearch and/or survaya do not maat 
Projacu critarla for axacution under NASA funding support*, and Whan such 
fall reasonably vlthin the conpataneias of the Project and offer promise 
of advancing conq>atancias and reputation as new and significant axpariancas, 
they can be accepted as undertakings with the user paying for all costs in> 
cur red. When mutually agreeable, such enterprises are arranged for under 
either contractual or cooperative agreements. 

The MSU Remote Sensing Project has been serving, now, for several years 
as a laboratory for public and private agencies which do not need remote 
sensing sources of Information frequently enough to set up their own tech- 
nical staffs with all the essential related equipment. Imagery sources, and 
other logistical means. Even if agencies wanted to and could afford to in- 
stall their own units of remote sensing, they would experience great diffi- 
culty in finding qualified personnel which are not in ready supply. The MSU 
Project fills this need most adequately by responding, when appropriate, to 
requests for assistance for remote sensing applications services. 

Four kinds of contractual engagements are reported in the units which 
follow. One kind was International in locale, which provided services in 
three developing countries consisting of land cover/use inventories and 
some basic q\iantltatlve analysis. One of these produced a need for parallel 
studies in crop stress (e.g. cane rust diseases). Services of these kinds 


* See footnote under section "A", introduction to "Research Applications". 
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have been Initiated and accoapllehed through cooperative agraenenta with 
the U.S. Department of Agriculture for the Agency for International Devel- 
opment. Similar field research services have been under consideration for 
extension to other third world countries. 

Two other studies relating to monitoring sand mining operations and 
sand dune mapping are continuing undertakings for the Michigan Department 
of Natural Resources (MDNR). Additional contractual agreements for other 
Issues were subsequently set up with the MDNR. 

The mapping of Important farmlands by blocks of counties is an exten- 
sion of similar studies for blocks previously completed under agreements 
with the USDA Soil Conservation Service. 

As this recitation can suggest, these four projects represent an in- 
teresting variety of studies. All of these have deepened and broadened 
the capabilities and lustre of the HSU Project. We feel gratified to have 
been able to assist such entities with these important infonaatlon logistics. 
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Cl. Conipr«h«n>lv€ IUiourc« Invntorv and Evaluation Syttm (CRIES) 

U.S. D«partiMnt of Agricultur* 

Economlca, Scatlstlca, and Cooparativaa Sarvlca 

Room 305, Manly Mllaa Building 

1405 South Harriaon Road Cooparatlva Agraanmnt: 

Eaa.. Lanalng, Michigan 48823 Oct 1976 > Sap 1980 

$620,470 

Tha CRIES project continued through thla reporting period. CRIES la 
a cooperative program between Michigan State Unlveraity and the Economic 
Reaearch Service of the U.S. Department of Agriculture and la funded by 
thu Agency for International Development. The objectl^ of the project la 
to create the technical akilla and inatltutlonal capabll.ltlea of developing 
countrlea to conduct agricultural planning and other reaourcc management 
atudlea. The project la a multi-agency and multi-dlaclpllnary effort. The 
Remote Senalng Project at MSU la contributing technical akilla and aervlcea 
In two major project areaa: remote aenalng and geographic Information aya- 
tem development. 

Thla report autmnarlzea field and laboratory reaearch actlvitlea per- 
formed for three Third World countrlea, namely, the Dominican Republic, 
Coata Rica, and Syria. During the reporting year, aeveral reporta were 
laaued. Two of the reporta explain the CRIES geographic mapping ayatem 
and were uaed In a workahop on the mechanlcr of geocoding that waa held 
in the Dominican Republic. The workahop waa part of a program that in- 
cluded the inatallatlon of tha Reaource Analyala Program (RAP) onto an 
IBM 370/115 computer, and a training aemlnar on how to uae RAP. A week- 
long training aeaalon waa alao held In Eaat Lanalng for the Dominican 
counterparta (to the CRIES ataff). Thla waa an on-alte workahop on the 
remote aenalng actlvitlea and the mapping ayatem In the Dominican Republic. 
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In Janunry of 1978| th« Agency for International Development (AID) 
and the U.S. Department of Agriculture held an 18*«onth review of the 
CRIES project. The outcome of the aesaion waa very favorable. While at 
the meeting, the CRIES staff became acquainted with Dr. Ernest Hardy's 
(a member of the evaluation team) computerized dlazo procesa to enhance 
LANDSAT scenes, and thla process will be Incorporated Into future LAND- 
SAT interpretation procedures. 

Part of the CRIES effort is to test and evaluata different techniques 
which could be used for collecting land use data. One such teat was a 
comparlaon of LANDSAT data that had been Interpreted both visually and 
digitally for a province in the Dominican Republic. The purpose of the 
test was to evaluate the compatibility of the data obtained from each of 
the methods. Results show that, overall, only 65 percent of the informa- 
tion was classified similarly. However, when comparing just the agricul- 
tural land use categories, there was only a 10 percent discrepancy. 

CRIES has also been Involved in a study which compared the costs of 
manual and digital processing, of geographic Information. Personnel at 
the Remote Sensing Project did the manual geocoding while Bendlx Aero- 
space Systems Division (Ann Arbor, Michigan) did the digital processing. 
Initial results indicate similar costs, but the level of technology In- 
volved with manual geocodlng is more easily transferred to developing 
countries. 

Another geocoding activity that took place during the period was en- 
coding the Cantone map for Costa Rica into the geographic information sys- 
tem. The land area totals were in close agreement with publlahed national 
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totals; s dlscrspancy of only 40 1m was found out of a total araa of 
51,100 ka^. 

During tha tusmar, a sugar cans rust Infaction occurred in a aajority 
of tha sugar cans fields of tha Doninican Republic. Tha rust priaarily 
affected cane variety B-4362 which accounts for nearly two-thirds of the 
total planted cane acreage of the State Sugar Council (CEA). The Doalnlcan 
govemaent requested that the Raaote Sensing Project, through the CRIES Pro- 
ject, undertake a survey using light-plane aerial phonography in order to 
help evaluate the severity of the problaa. A photographic teaa was dis- 
patched to the country and a research prograa initiated. A teaa of Doal- 
nican specialists visited East Lansing to assist in the photographic eval- 
uation. The preliminary results indicated cans stress is readily detect- 
able on large-scale color- Infrared film. The study continued to the end 
of the reporting period. 

In conjunction with a contract extension from AID Washington, a coa- 
plste land cover /use nap of the Doalnlcan Republic was begun. The aap was 
developed by visual interpretation of Landsat imagery. 

Contract work was begun in Syria under the CRIES project. The Rraots 
Sensing Project was r«. -^nsible for developing a land cover/usc aap froa 
visual interpretation of Landsat and to develop the geographic information 


base. 
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C2. lavatory of S»d Mlnlnt Slfa In MichlMn*« Hith-Priorlty 

Smd Duao Arv 

Coology Divitioa 

Mlchigta Daportamc of natural Raaoureaa 

Stavaaa T. Haaoa BuUdlag Coatract: Hov 1977 - Sop 1980 

Laaalag^ Mlchlgaa 48909 $41»(K)0 

Tha Saad Duaa Protactloa aad Maaagaaaat Act (PA 222, 1976) raquiraa 
tha dtvlopaaat of aaad alalag aoaitorlag procaduraa to ba uaad bp tha 
anforclag agmey. Tha Gaology Dlvlaioa of tha DNR tiaa coatractad trith 
tha Itaaota Saaalag Projact to aaalat thaa la tha davalopaaat aad lapla- 
maatation of thaaa procaduraa. Tha laltlal work tfaa brokaa dowa lato 
tha following four objactlvaa: 1) dataralnatlon of tha optlaal raaota 

sanalng tactmlquaa and Information tyataa atructura to parlodlcally moni- 
tor aand alnlng actlvltlaa; 2) acqulaltlon of aarlal photography for aaad 
alnlag oparatlona la tha high-priority aand duaa araaa of Michigan; 3) pre- 
paration of an Invantory of aand alalag actlvltlaa la tha high-priority 
aand duaa araaa of Michigan utlllalng tha Inforaatlon ganaratad la objac- 
tlva 1; and 4) davalopaaat of a aand mining aurvalllanca procadura annual. 

Tha flrat taak, concarnlng tha evaluation of raaota aanalng tachnlquaa 
for aonltorlng of aand alnlng actlvltlaa, haa been coaplatad. Madlua* and 
hlgh-altltude photography la currently conaldarad tha beat aourca for tha 
provlalon of general land cover/uaa Inforaatlon required to evaluate anvlr- 
onaantal lapacta on a bi-annual baala. Low-altltuda photography of acalaa 
ranging froa 1:15,000 to 1:30,000 la currently being uaad for acqulaltlon 
of Inforaatlon regarding tha atatua of aand alnlng altaa on a aoal-annual 
baala. Loi^laval ayateaa with flexible operational charactarlatlca (atand-by 




i 

I 


66 


bMif. local application*) currently provide the beat guarantee for auffi- 
cient Md qualitatively acceptable inforaation collection at a low coat, 
and provide a aoimd baaia for the legal enforceaent of the Act. 

In reaponae to the aecond objective, the acquiaitlon of aerial photo- 
graphy, color, near-vortical 70ea photography of scaloa ranging frM 1:15,000 
to 1:25,000 waa acquired for all mining aitea identified on exiating photo- 
graphy and during an in-flight aurvay. Land cover/uae inforaatiM of the 
aho reland zone ia being napped uaing 1:24,000 CZR photography recently ac- 
quired by the OMR on a atatevid* baaia. The land cover/uae categoriea (aee 
Table 7) are being aapped on clear acetate overlay* which can be poaitioned 
on aylar baae aapa of topographic aheet* by aeana of regiatration pina. The 
aand aining aitea are coded to facilitate croaa-referencing with a compiled 
photobaae conaiating of 70ae color tranaparencia*. The aining ait* coding 
acheme conaiata of a unique indicator for the deaignated area, a aequence 
nuaber for unique flight planning purpoaea, and UTM coordinates to the near- 
eat 100 aetera, indicating the approxiMte location of the center of the 
aining aite (e.g. Al-7-753/628) . An acetate overlay with a 100 x 100 aeter 
grid baaed on UTM coordinate* (1:24,000) will be provided to aid in future 
referencing. 

A procedure for aand aining aurvelllance was established (Fig. 1^ and 
a report has been prepared which outlines the monitoring and inventory pro- 
cedures for sand aining operations in Michigan (see reference 78). The 
procedures recoaaended were accepted by the DMR which contracted for an 
additional inventory of a shoreline cone of approxlaately 100 miles and a 
bi-annual aonltorlng of on-going aining activities during the 1978-79 period 
and identified by che lake shore zone Inventory of the previous year. 
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TABLE 7 .—Land Cover/Usc Catagoriaa Used for the Sand Duna/Mlnlng 
Invantory (modlflad after Michigan Land Covar/Uta 
Claaalflcatlon Syataa, 197S; Dlvlalon of Land Rasource 
Programs. Michigan Dapartnent of Natural Resources). 


LAND COVER/'USE CLASSIFICATION SYSTEM FOR THE MICHIGAN 
SAND DUNE/MINING INVENTORY PROJECT 


Interpretation based on predominant Land ''over/Use type of 

I ha (100 X 100 m) (approx. 2.5 acres) 

II Residential 

111 Medium and High Density 

112 Low Density (less than 1 D.U./acre) 

12 Comnerclal. Services ami Institutional 

13 Industrial 

lA Transportation. Communication and Utilities 

17 Extractive. Surface Mining 

171 Active Status. Spring 1978 

172 Inactive Status. Spring 1978 

173 Sand Storage 

18 Cemetery 

19 Recreational 

191 Public 

192 Private 

21 Cultivated Cropland and Is^roved Pasture 

22 Specialty Crops (orchards, bushfrults. vineyards, ornamental 

horticulture. Chrlstmass tree farms, and other specialty 
crops) 

31 Herbaceous Ground Cover 

32 Shrub Ground Cover 

41 Deciduous Forest 

42 Coniferous Forest 

43 Mixed Forest 

44 Dune Grasses 
5 Hater 

61 Forested Wetlands 

62 Non-Forested Wetlands (brush swamp) 

63 Vegetated Open Water 
7 Barren 

72 Beaches 

73 Sand Other Than Beaches 

74 Transitional Areas 
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Figur« 12 . — Flowchart Outlining the Procedures for the Michigan Sand Dune 
Mining Inventory. 
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C3. Sand Dune Classification and Inventory of Michigan's High-Priority 

Sand Dune Areas 

Geology Division 

Michigan Department of Natural Resources 

Stevens T. Mason Building Contract: Nov 1977 - Sep 1980 

Lansing, Michigan 48909 $33,040 

The Sand Dune Protection and Management Act (PA 222, 1976) requires 
the development of a dune classification system for Michigan and an asso- 
ciated Inventory of dune types, specifically the delineation of barrier 
dune complexes along the Great Lakes shoreline in the state. The Michigan 
Department of Natural Resources is the agency designated to Implement this 
legislation, and has contracted with the Remote Sensing Project to complete 
a series of work elements to assist them in this process. 

A dune classification has been developed (see Fig. 13) based on dune 
form, orientation, relative relief, arrangement and the relationship of the 
dune to the underlying formation. The scheme is objective in that it relies 
on morphologic and geometric patterns which can be interpreted from large- 
scale aerial Imagery. No attempt is made to incorporate genetic aspects 
into the classification. 

A two-mile strip along 90 miles of Lake Michigan shoreline was classi- 
fied according to the classification scheme in the 1977-78 period. Cur- 
rently a similar inventory is being carried out for a coastal strip of ap- 
proximately 100 miles located in the northwestern portion of the state. The 
major information source consists of 1:20,000 panchromatic ASCS photography 
supplemented with secondary data like soils information. 
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Figure 13.— .DUNE .MORPHOLOGY CLASSIFICATION OF THE LAKE MICHIGAN SHORE 
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The following features are delineated on the photobase: 

1. Boundaries of the individual dune complex, with appropriate 
Identifying codes (a fractional code Indicator developed 
from the classification scheme) 

2 . Barrier dune boundary 

3. Discernible dune crest lines 

4. Notable bluff crests and shorelines of older, higher, 
glacial lakes 

5. Present land/water boundaries 

6 . Beach zone 

7. Selected spot elevations 

8. Location Indicators 

The preliminary working definition of a barrier dune boundary Is: "that 

landward boundary line of the dtine complex which displays the greatest 
relative relief within the two-mile-wlde Lake Michigan shore zone." 

The delineated dune Inventory information Is being transferred to 
1:24, 000-scale acetate overlays compatible with the land cover/use and 
surface mining Information that Is being compiled under a separate con- 
tractual arrangement with the Geology Division of the DNR (see Section ) . 
Together these sources will facilitate the review of future sand mining 
permit applications as required by law. A continuation of this Inventory 
work Is anticipated for the period 1979-80 covering additional dune areas 
along Michigan's shoreline. 
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C4. Important Farnlanda Invantory 

Soil Conaervatlon Servlca 

U.S. Department of Agriculture 

1405 South Harrison Road Contract: Apr 1979 - Sep 1980 

East Lansing, Michigan 48823 $41,500 

The Remote Sensing Project, under contract with the Soil Conservation 
Service, is preparing Important Farmlands maps for 14 counties In Michigan. 
This is a continuation of work already accomplished in five counties. The 
mapping Involves the delineation of prime soil (U.S. Department of Agricul- 
ture, Secretary's memorandum no. 1827, revised, October 30, 1978) areas from 
soil auTvey information, and the Identification of unique farmland, water 
and urban built-up areas from aerial photography. Unique farmlands are 
lands other than those designated priise that are used for the production 
of specific high-value food and fiber crops (e.g. tree and bush fruits, 
vineyards and vegetables). 

The information is compiled onto a 1:50,000 base map of each county 
and area statistics per category are determined. The Important Farmland 
maps are being produced under the Land Inventory and Ifonitoring (LIM) pro- 
gram of the U.S. Department of Agriculture. 
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D. INFORMATIONAL SUMMARY 


Category One: PROJECTS CONDUCTED WITH NASA GRANT FUNDS 


1. M-14 Highway Environmental Impact Assessment (Michigan Department of 

State Hlghvays and Transportation; 1972): Remote sensing data from 

high and medium altitude photography provided information on land use» 
vegetation, soils, and hydrologic characteristics of a proposed high- 
way corridor ''n Washtenaw County which provided the bases for assess- 
ing the potential environmental Impact of this highway construction. 
The MDSHT subsequently adopted procedures for route location deter- 
minations based on remote sensing techniques and the findings of the 
M-14 research. 


Pte. Moulllee Waterfowl Habitat Assessment (Michigan Department of 


Natural Resources; 1972-73): Wetland vegetative communities and 

shoreline erosion in a marsh area on Lake Erie were mapped using 
remote sensing data from high, medium, and low altitude photography. 
Recommendations were made, in collaboration with the DNR, for im- 
proving marsh management, alleviating erosion, and reclaiming land 
lost through erosion. Many of these measures were progressively 
implemented, such as purchase of adjoining land for expanded habitat. 

Upper Kalamazoo River Basin Inventory (Soil Conservation Service; 1973): 


The first extensive Michigan land cover/use Inventory from NASA high 
altitude CIR photography was prepared for a 2,590 sq. km. (1,000 sq. 
ml.) area of the river basin. SCS used the Information in analyzing 
wUdllfe habitats and wetlands from which specific management prior- 
ities and county recommendations were identified. 

Michigan Department of State Highways and Transportation Environmental 


Inventory (MDSHT; 1973) : NASA RB-57 Imagery and technical assistance 

In photo Interpretation were provided to MDSHT as the Department im- 
plemented remote sensing procedures (developed under the M-14 highway 
project) for assessing the environmental Impact of four proposed high- 
way corridors. MDSHT now operationally uses remote sensing procedures 
and has contracted aerial suinrey firms to acquire new Imagery. 

Trl-County Regional Planning Commission Land Use Update (TCRPC; 1973): 


NASA RB-57 Imagery and technical assistance in photo interpretation 
were provided to Commission personnel for updating a 1965 land use 
inventory. A spin-off occurred in 1976 when the MSU Project prepared 
a land use Inventory for the three-county area under a contract from 
TCRPC. 


74 


Michigan Land Cover/Use Classification System (Michigan Department of 
Natural Resources; 1974) : RSP personnel helped develop a four-level 

statewide land cover/use classification system based on remote sensing 
as the primary data source. The system was operationally tested by 
the RSP using a variety of remote sensing data which resulted In 
several categorical changes. The classification system has been in 
use by the DMR and other agencies as a standard operational routine 
ever since. 


7. Kent County Land Resource Information System (West Michigan Regional 


Planning Commission; 1974) : Land use data was derived from aerial 

photos and encoded for use in a computer Information system being 
developed by the WMRPC. The system has been expanded to cover the 
entire nine-county region and the WMRPC contracted private firms to 
provide aerial photo coverage and land use data for Its region. 

8. Mason County Forest Inventory (West Michigan Regional Planning Commis- 


sion, Mason County Soil Conservation District, and Packaging Corpora- 
tion of America; 1974): Forests were classified Into species groups, 

stocking levels and maturity classes from hlgh-altltude CIR Imagery. 

The forest Information Is being used by wood procurement firms to 
locate marketable timber and by SCS In establishing forest management 
cooperatives. The study helped the Michigan DNR secure funding sup- 
port from 21 private forest Industries for statewide CIR photo coverage. 

9. Retention of Agricultural Land In Wayne County (Wayne County Planning 
Commission and Cooperative Extension Service; 1974) : NASA RB-57 Imagery 

and photo Interpretation training were provided to WCPC staff who then 
prepared agricultural and open land use maps. The maps were used to 
identify lands which were zoned for retention In agricultural or open 
space use In five townships that fringe the Detroit Metropolitan area. 
Three townships amended master development plans to Implement these 
decisions. Litigations have delayed amending zoning ordinances to 
conform to plans. 

10. Grand Traversa County Special Environments Inventory (Michigan Depart- 

ment of State Highways and Transportation and Traverse Bay Regional 
Planning Commission; 1974) : Personnel of the RSP and the MDSHT jointly 

developed a 24-category land use and 34-category special environments 
inventory from CIR Imagery and a computer Information system for the 
County. The system was used In selecting a site for an Industrial park 
and In locating optimal low environmental Impact highway corridors. 

11. Implementation of Michigan Soil Erosion and Sedimentation Control Act 


(Antrim County Planning Department; 1974); CIR imagery provided an 
expeditious, legally acceptable means for evaluating the site con- 
struction plans required In earth-change operations and for detect- 
ing potential violations of the Act. 
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12. Charlevoix County L4nd Value Appraltal (Charlevoix County Equalleatlon 

DepartmMt; 1975): NASA RB-S7 Imagei^ and photo Interpretation train- 

ing were provided to Departaant peraonnel. Land cover nape of the 
major Islanda In the county located In Lake Michigan were prepared and 
used In reassessing all property valuations by the Department. 

13. Antrim County Abandoned Vehicle Inventory (Antrim County Planning De- 
partment; 1975): Abandoned vehicles In the County were identified 
from CIR Imagery and the Inventory results were used by the Depart- 
ment to direct junk vehicle removal activities. 

14. Optimizing Agri-Business Processing Plant Location (Wickas Agriculture; 
1975): All tillable land within Gratiot County was Identified from 
NASA RB-S7 and Skylab Imagery. Using this information and soils data» 
a coiq)uter routine generated potential crop productivity estimates for 
alternative crop processing plant sites and service areas and confirmed 
a location for a new plant. 

15. Assessment of Recreation Potential for Backeountry Rivers (O.S. Forest 

Service and MSU Department of Geography; 1975): Interpretation of 

aerial photography provided a range of Information necessary for an 
assessment of the recreational potential of the Pine River in the 
Manistee National Forest. Photo-derived data for 38 variables were 
Integrated with float survey data and weighted In relation to 16 
potential recreational uses by a computer routine. 

16. Aerial Detection of Stressed City Trees (City of Lansing Parks & Recrea 

tlon Department; 1975): The interpretation of large-scale 35 mm CIR 

transparencies provided a 35 percent Increase in the detection of total 
number of stressed trees as compared to the number detected by conven- 
tional eye-level surveys. Photo Interpretation, in turn, missed de- 
tecting some stress observed on the grotmd. Indicating that remote 
sensing can supplement but not replace conventional techniques. 

17. Crop Damage Assessment (MSU Department of Crop and Soil Sciences; 1975) 
Three levels of damage to a navy bean field due to excessive rainfall 
were Identified and quantified from large-scale 35 m photos. Photo- 
based yield estimates were compared with estimates made by a crop in- 
surance representative and were fotind to be an accurate method for de- 
termining an equitable settlement. 

18. Survey and Analysis of the Detroit Riverfront (Wayne County Planning 

Commission, State of Michigan Department of Commerce, and Department 
of Natural Resources; 1975-76) : As a component of a multi-agency 

task force study, the MSU/RSP completed inventories of marinas, nature 
and extent of Industrial uses of rlver-abuttlng land lncli:dlng material 
stockpiles, plus all other land and water uses. Data gained from NASA 
RB-57 Imagery and RSP-acqulred low-altitude 35 an color photos 
demonstrated current conditions and provided useful Information for 
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datcrmlnlng tha development potential of 37 miles of riverfront. 
Specific recommendations were made by the task force. Fifteen sets 
(20-40 slides) of the 35 mm photos have been purchased by public and 
private agencies. 

Energy Park Site Selection (Consumers Power, Detroit Edison, ERIM and 
MSU Department of Agricultural Engineering; 1975): The physical char- 

acteristics of seven potential energy park sites were derived from 
NASA RB-57 imagery supplemented by 35 ma oblique photos. The infor- 
mation was evaluated to determine which site was best suited for agri- 
cultural and aquacultural applications of waste heat. 

Inventory of Potential Mosquito Breeding Sites for Vector Control 


(City of Lansing Vector Control Section; 1975-76): All standing 

water and wetlands in the Lansing area were mapped from 70 mm 
aerial photos acquired by the RSP. The maps Indicate 33 percent 
more potential mosquito breeding sites than previously known and 
are operationally used as the primary reference document by field 
treatment teims. 

Inventory of Surface Water Accessible to Fire Trucks (Antrim County 
Planning and Fire Departments; 1975-77): Surface water locations, 

potential access sites for recharging fire truck water supplies, and 
physical limitations to recharging were identified from 1:36,000 CIR 
photos. Township maps and computer listings of the information are 
used by firemen to locate the closest suitable water source and ac- 
cess point from the site of a fire. 

Agricultural-Use Valuation (Eaton County Equalization Department, West 


Michigan Regional Planning Commission and Kent County Equalization 
Department; 1975-76): A computer-assisted farmland appraisal system 

which utilizes remotely sensed land use data was developed for two 
townships. The RSP has subsequently prepared farmland appraisal 
computer maps for all of Eaton County on a cost-reimbursable basis. 

Search for Buried Murder Victims in Berrien County (Office of the 
Prosecuting Attorney, County of Berrien; 1976); A variety of aerial 
imagery and real-time thermal data were used to identify possible 
murder victim burial sites on a suspect farm. The information pro- 
vided documentation for securing a search warrant and facilitated 
a systematic and efficient search of the property by State Police 
teams; however, no bodies were recovered. 

Merging Land Cover/Use Data from Landsat, Aerial Photography and 


Map Sources (Bendix Aerospace Systems Division; 1976): The RSP and 

Bendlx jointly developed a procedure to merge photo-derived land use 
data with computer-categorized Landsat data in order to maximize ef- 
fective use of both data sources in the provision of an integrated 
information system for regional analysis. The procedure was subse- 
quently used in a three-county land use Inventory performed under 
contractual funds. 
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25. R>iourc« Analyila Prograa—RAP (Trl-County fUigioiiJil PlMning CoMilislon; 

1976-77) t SAP, a grid-b«Md eosputar Mpping systM, imi d«v«lop«d for 
Intogrotlon, coaq>arativ« an«lyaio» and dlaplay of raaotaly aansad data 
and oehar natural rtaourca Inforaatlon. Tha RAP ayataa hM boon uaad 
In aavaral totmahlpa, four countlaa» and ona foralgn country for map- 
ping projocta conduetad irlth contractual funda. 

26. Analyaia of Biomaaa of Old Plaid Ecoeya tana Uaad for Waata Watar Ra- 
cycllng (!M8U Inatltuta of Watar Raaaarcht 1^76); Laraa-acala iii aa 
CIR photoa vara uaad to aatiaata plant bimuaa of axpariaantal plota 
In an old-flald acoayatan that maa baing traatad vith diffarant lavala 
of aawaga traataant vaata-aatar. Tha aathod accurataly aatlaatad plant 
biomaaa aa aarly aa ona month bafora harvaat, ia aora accurata and coat- 
afflclant» and daaonatrataa a raal potential in tha inprovanant of aan- 
agaaant of waata-iiatar irrigation projacta. 

27. Praaarvation of tha Grand Kara Puna Environnant (Grand Mara Aaaociation; 

1976-77): Tha loaa of duna vagatatlva covar batwaan 1970 and 1976 dua 

to Off-Road-Vahlcla (ORV) activitiaa vaa datarmlnad by a taaporal 
analyaia of aarlal photography. Thla atudy lad to an ORV anforcaaent 
program, inltlatad under a apacial appropriation of funda for tha 
tovnahip police dapartaant, which haa aubaaquantly revaraad vagata- 
tlva racaaaion. 

28. Muakaaon Sand Mining Inventory (Michigan Dapartaant of Natural Raaourcaa; 

197?!) 7 A procedure to inventory and aonltor aand alnlng oparationa ualng 
axiating aerial imagary and apacifically acquired 70 tm photoa waa de- 
veloped. Tha procedure ia being uaad in iaplamantlng tha Michigan Sand 
Dune Protection and Management Act (1976) under contractual arrangeaenta 
between tha DNR and the RSP. 

29. Re-Evaluation of the 1-69 Hiahway Corridor (Citizana Concerned About 1-69; 

1978): The aelaction of a corridor for tha axtenaion of Interatate High- 

way 69 in central Michigan haa been challenged by the Citizen* a group. 

T^ major iaauaa are Involved in the dlacuaaion of alternative corridora: 
the loaa of prime faralanda and the effect on wetlanda. A land cover 
map of the area in queaticn frt» NASA high- altitude CIR Imagery, waa 
provided to the Citizen* a group to aaaiat them in formulating their \ 

arguiMnta. The iaaue la currently being decided in the courta. j 

30. Moaquito Control In Saginaw and Bay Countiea (Saginaw-Bay Moaqulto Con- 
trol Coaaiaaion; 1978): Information on potential moaqulto habitata 

and reaidentlal areaa derived from aerial photography haa been uaed by 
the SttiCC to prioritize treatment areaa and formulate operational 
atrategiea for the control of early aeaeon Aedea aoaquitoea. 

31. Identification of Wild Areaa in Southern Lowrr Michigan (Michigan Depart- 
ment of Natural Reaourcea; 1978): The PSP haa developed a procedure 

to identify "wild areaa'* uaing Landaat and aerial Imagery in a multl- 
atage proceaa. Environmental characteriatica of candidate altea were 
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lnt«rprat«d from photo* and uaad in a grading aystam to dacamlna a 
final point valu* for aach araa. Th* Michigan DKR la ualng thla In- 
formation to Identify aitea which thay will raconaand for dadlcatlon 
aa natural praaarvaa. 

32. Idantlflcatlon of Wood Enargy Raaourcaa in Cantral Michigan (Morbark 
Induatrlaa, Inc., Dow-Coming Corp., Conaumara Powar, and Uolvarina 
Elactrlc Corp.; On-going): Landaat imagery, aupplaaantad by NASA 
RB-57 and other aerial photography, wa* uaad to detamina the loca- 
tion, extant and biomaaa of non-coflasarcial timber raaourcaa in a 
candidate multi-co\inty aupply araa. The information waa uaad in 
determining that a wood-chip burning electric power generating 
plant ia faaalbla. 

33. The Impacta of Pipeline Conatruction on Stream and Wetland Environ- 

menta (Michigan Public Service Coomiaaion; On-going) : The RSP ia 

interpreting temporal aerial photoa to aaaeaa environmental (parti- 
cularly drainage alteration) ^act* of exiating gaa and oil pipe- 
line croaaing* of atreM* and wetlanda. The study is aimed at 
identifying better pipeline construction methods ^ich prevent or 
mitigate impacts on sensitive mvironments . 

34. Identification of Hasardoua Waste Disposal Site* (Michigan Oepartmant 

of Natural Rcsourcas; On-going): Time-sequential isaps of areas around 

specified chemical plants are being cot^iiled from historical and cur- 
rent aerial photography (1938-1979). These naps, along with new large- 
scale color, aerial photography, will be tested to determine their ef- 
fectiveness at locating critical disposal sites. 

35. Integrated Peat Management Systems (Departments of Botany & Plant 

Pathology and Entomology, Michigan State University; On-going): RSP 

investigators, in collaboration with MSU faculty, are Investigating 
damage distribution assessment and biomass loss to small grains 
caused by the cereal leaf beetle. If detection and analysis appear 
successful, a county transect Inventory will be attempted. These 
results should provide immediate input to the state's on-going 
disease control program. A similar study is being conducted over 
orchards which are suffering from X-dlsease. 

36. Analysis of Landsat Data In Updating Forest Inventories (Cooperative 
Extension Service and Packaging Corporation of America; On-golng) : 
Project investigators have designed and are currently testing an 
updating procedure using Landsat data (CCT's, black-and-white Ima- 
gery, and dlazo composites) to detect and identify changes in the 
forest since the original inventory. If successful, this proce- 
dure may provide the only cost-effective method available to up- 
date existing forest mapping Inventories. 


N S U / R S P 


Category T\io-(a): NASA FUNDED PROJECTS BY COOPERATING AGENCY 


TYPE 

COOPERATING AGENCY 

PROJECT 

PROJECT NUMBER 

Federal 

Soil Conservation Service 

Wpper Kalaaazoo River Basin 
Inventory 

3 


U.S. Forest Service 

Mason County Forest Inventory 

Assessaent of Recreational Poten- 
tial for Backcountry Rivers 

8* 

15 

State 

Michigan Departaent of State 
Highways and Transportation 

M-14 Highway Envlronaental lapact 
Assessaent 

1 



MDSHT Envlronaental Inventory 

4 


Michigan Departaent of Natural 
Resources 

Grand Traverse County Special 
Bnvlronawnts Inventory 

Pte. Moulllee Waterfowl Habitat 
Assessaent 

10* 

2 



Michigan Land Cover/Use Classifi- 
cation Systea 

6 



Sand Mining Inventory 

28 



Identification of Wild Areas In 
Southern Lower Michigan 

31 



Identification of Hazardous Haste 
Disposal Sites 

34 


Michigan Public Services 
Coaaission 

The Inpacts of Pipeline Construc- 
tion on Strean and Wetland Envlr- 
onaents 

33 


* Project llRted under nore than one agency 


Category Two- (a) (cont'd.) 


TYPE 

COOPERATING AGENCY 

PROJECT 

PROJECT NUMBER 

Regional 

Trl-County Regional Planning 
Commission 

TCRPC Land Use Update 
Resource Analysis Program 

5 

25 


West Michigan Regional Planning 
Commission 

Kent County Land Resource 
Information System 

7 



Mason County Forest Inventory 

8* 



Agricultural-Use Valuatxon 

22* 


Traverse Bay Regional Planning 
Commission 

Grand Traverse County Special 
Environments Inventory 

10* 

County 

Wayne County Planning Commission 

Retention of Agricultural Land 
in Wayne County 

9 



Survey and Analysis of the Detroit 
Riverfront 

18 


Antrim County Planning Department 

Implementation of Michigan Soil 
Erosion and Sedlmental Control Act 

11 



Antrim County Abandoned Vehicle 
Inventory 

13 


Charlevols County Equalization 
Department 

Charlevoix County Land Value Appraisal 

12 


Eaton and Kent County Equaliza- 
tion Departments 

Agricultural Use Valuation 

22* 


Office of the Prosecuting Attorney, 
County of Berrien 

Search for Burled Murder Victims In 
Berrien County 

23 


Saginaw-Bay Mosquito Control 
Commission 

Mosquito Control of Saginaw and 
Bay Counties 

30 




* Project listed under more than one agency 


Category Two-(a) (cont'd.) 


TYPE 

Cr OPERATING AGENCY 

PROJECT 

PROJECT NUMBER 

Town- Local 

City of Lansing 

Aerial Detection of Stressed Trees 

16 



Inventory of Potential Mosquito 
Breeding Sites for Vector Control 

20 


Departments of Michigan State 

Crop Damage Assessment 

17 


University 

Analysis of Biomass of Old Field 
Ecosystems Used for Waste Water 
Recycling 

26 



Integrated Pest Management System 

35 



Analysis of LANDSAT Data in Up- 
Dating Forest Inventories 

36* 


Grand Mere Association 

Preservation of the Grand Here 
Dune Environment 

27 


Cltlrens Concerned About 1-69 

Re-evaluatlon of the 1-69 Highway 
Corridor 

29 

Private 

Packaging Corporation of America 

Mason County Forest Inventory 

8* 



Analysis of LANDSAT Di..ta in Up- 
dating Forest Inventories 

36* 


Wlckes Agriculture 

Optimizing Agri-Business Processing 
Plant Location 

14 


Consumers Power & Detrol'i Edison 

Energy Park Site Selection 

19 


Bendix Aerospace Systems Division 

Merging Land Cover/Use from LANDSAT, 
Aerial Photography and Map Sources 

24 


Morbark Industries^ Inc. , Dow- 

Identification of Wood Energy Re- 

32 


Corning Corp . . Consumers Power 
and Wolverine Electric Co-Op. 

sources in Central Michigan 



* Project Hate', under more than one agency 



Category Two-(a) 

(cont'd.) 


AGENCY 

NUMBER OF PROJECTS 

PERCENT 

Federal 

3 

7.3 

State 

9 

22.0 

Regional 

6 

14.6 

County 

9 

22.0 

Town-Local 

8 . 

19.5 

Private 

6 

14.6 

TOTAL 

41 

100.0 



M S U / R 3 P 


Category Two-(b): NASA FUNDED 

PROJECTS BY DATA SOURCE 


SOURCE 

PROJECT 

PROJECT NUMBER 

Landsat 

Michigan Land Cover/Use Classification 
System 

6* 


Merging Land Cover/Use Data from Landsat, 
Aerial Photography and Map Sources 

24* 


Identification of Wild Areas In Southern 
Lower Michigan 

31* 


Identification of Wood Energy Resources 
In Central Michigan 

32* 


Analysis of Landsat Data In Updating 
Forest Inventories 

36 

Skylab 

Mlchlg^ T^d Cover/Use Classification System 

6* 


Optimizing Agri-Business Processing Plant 
Locations 

14* 

High Altitude Aircraft 

M-14 Highway Environmental Impact Assessment 

1* 


Pte. Moulllee Waterfowl Habitat Assessment 

2* 


Upper Kalamazoo River Basin Inventory 

3 


MDSHT Environmental Inventory 

4 


Tri-County Regional Planning Comnlsslon Land 
Use Update 

5 


Michigan Land Cover/Use Classification System 

6* 


Retention of Agricultural Land in Wayne County 

9 


* Project utilized more than one source 


Category Two-(b) (cont'd.) 


SOURCE 

PROJECT 

PROJECT NUMBER 

High Altitude Aircraft 

Charlevoix County Land Value Appraiaal 

12* 


Optimizing Agri-Business Processing Plant 
Location 

14* 


Survey and Analysis of the Detroit Riverfront 

18* 


Energy Park Site Selection 

19* 


Agricultural-Use Valuation 

22 


Merging Land Cover/Use Data from Landsat, 
Aerial Photography and Map Sources 

24* 


Resource Analysis Program 

25 


Muskegon Sand Mining Inventory 

28* 


Re-Evaluatlon of 1-69 Highway Corridor 

29 


Mosquito Control In Saginaw and Bay Counties 

30 


Identification of Wild Areas In Southern 
Lower Michigan 

31* 


Identification of Wood Energy Resources in 
Central Michigan 

32* 


The Impacts of Pipeline Construction on 
Stream and Wetland Environments 

33* 


Identification of Hazardous Waste Disposal Sites 

34* 

Medium Altitude Aircraft 

M-14 Highway Environmental Impact Assessment 

1* 


Pte. Moulllee Waterfowl Habitat Assessment 

2* 


Michigan Land Cover /Use Classification System 

6* 


Mason County Forest Inventory 

8 

* Project utilized more than 

one source 
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Category Two-(b) (cont'd.) 


SOURCE PROJECT PROJECT NUMBER 


Medium Altitude Aircraft Grand Traverse County Special Environ- 10 

ments Inventory 

Implementation of Michigan Soil Erosion 11 

and Sedimentation Control Act 

Antrim County Abandoned Vehicle Inventory 13 

Assessment of Recreational Potential for 15 

Backcountry Rivers 

Survey and Analysis of the Detroit Riverfront 18 

Inventory of Surface Water Accessible to Fire 21 

Trucks 

Search for Burled (kirder Victims In Berrien 23* 

County 

Preservation of the Grand Mere Dune Environments 27* 

The Icpacts of Pipeline Construction on Stream 33* 

and Wetland Environments 

Identification of Hazardous Waste Disposal Sites 34* 


Low Altitude Aircraft Pte. Moulllee Waterfowl Habitat Assessment 2* 

Kent County Land Resource Information System 7 

Aerial Detection of Stressed City Trees 16 

Crop Damage Assessment 17 

Survey and Analysis of the Detroit Riverfront 18* 

Energy Park Site Selection 19* 

Inventory of Potential Mosquito Ereedlng 20 

Sites for Vector Control 


* Project utilized more than one source 


Category Two-(b) (cont'd.) 


SOURCE 

PROJECT 

PROJECT NUMBER 

Low Altitude Aircraft 

Search for Buried Murder Vlctiins In 
Berrien County 

23* 


Analysis of Biomass of Old Field Eco- 
systems Used for Waste Water Recycling 

26 


Preservation of the Grand Here Dune 
Environment 

27* 


Ihiskegon Sand Mining Inventory 

28* 


Identification of Hazardous Waste Disposal 
Sites 

34* 


Integrated Pest Management Systems 

35 


* Project utilized mor'^ .'■h' .i one source 


SUMHARY BY DATA SOURCE 


SOURCE 

NUMBER OF PROJECTS 

PERCENT 

LANDSAT 

5 

9.3 

Skylab 

2 

3.7 

High Altitude Aircraft 

21 

38.9 

Medium Altitude Aircraft 

14 

25.9 

Low Altitude Aircraft 

12 

22.2 

TOTAL 

54 

100.0 
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Category Three: ALL OTHER FUNDING RECEIVED 


A. Non-NASA Funding by Year 


YEAR 

AMOUNT 

1973 

$ 4,295 

1974 

25,000 

1975 

10,000 

1976 

18,221 

1977 

86,011 

1978 

191,513 

1979 

336,626 

1980 (to date) 

278.261 

TOTAL 

$ 949,927 


Non-NASA Funding by Agency 

SOURCE 

NUMBER OF CONTRACTS 

AMOUNT 

Federal Agencies 

7 

$ 698,832 

State Agencies 

9 

128,920 

Regional Agencies 

4 

18,949 

County Agencies 

4 

9,026 

Town-Local 

3 

584 

Private 

7 

24,562 

University 


75,083 

TOTAL 

34 

$ 995,956 
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Category Four: COMMERCIAL SPIN-OFFS FROM NASA FUNDED PROJECTS 


SPIN-OFF 

AGENCY 

CONTRACTOR (S) 

YEAR 

NASA/MSU 
PROJECT NUMBER 

COST 

1. Lower Kalamazoo River 
Basin Land Cover/Use 
Inventory 

Soil Conservation Service 

MSU/RSP 

1974 

3 

$27,000 

2. Acquisition of 1:36,000 
CIR Photos (30,000 sq. 
km. area) 

Michigan Department of 
State Highways and Trans- 
portation 

Mark Hurd Aerial 

1973 

l.A 

$27,000 

3. Acquisition of 1:31,680 
CIR Photos (7,500 sq. 
km. area) 

South Central Michigan 
Planning and Development 
Council of Region 3 

Abrams Aerial 
Survey 

1974 

3 

$12,500 

oo 

00 

4. Forest Type Mapping of 
Four Counties 

West Michigan Regional 
Planning Commission and 
Packaging Corp. of America 

Environmental 
Surveys, Inc. 

1975-77 

8 

$35,000 

5. Reproduction of Aerial 
Photos of Detroit 
Riverfront 

15 Agencies 

MSU/RSP 

1975-76 

18 

$ 300 

6. Windsor Township Natural 
Resources Information 
System 

Cllnton-Eaton-Ingham 
Tri-County Regional 
Planning Commission 

MSU/RSP 

1976 

25 

$ 980 

7. Region V Land Cover/Use 
Inventory 

Region V Planning and 
Development Commission 

MSU/RSP, Bendlx 
Aerospace Division 

1977 

24 

$21,000 

8. Tri-County Natural Re- 
source Information 
Files 

Cllnton-Eaton-Ingham 
Tri-County Regional 
Planning Commission 

MSU/RSP 

1978 

25 

$ 2,000 


Category Four (cont'd.) 


SPIN-OFF 

AGENCY 

CONTRACTOR(S) 

YEAR 

NASA/MSU 
PROJECT NUMBER 

COST 

9. Inventory of Sand 
Mining Activities 

Michigan D.^partment of 
Natural Resources 

MSU/RSP 

1978-79 

27 

$41,000 

10. Inventory of Sand 
Dune Types 

Michigan Department of 
Natural Resources 

MSU/RSP 

1978-79 

27,28 

$33,040 

11. Farmland Appraisal 
Maps 

Eaton County Equaliza- 
tion Department 

MSU/RSP 

1978 

22 

$ 3,580 

12. Statewide Aerial 
Photography 

Michigan Department of 
Natural Resources 

Kucera and 
Associates 

1977-78 

8 

$309,000 




* 

TOTAL 

$512,400 
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Category Five- (a); EDUCATIONAL ACTIVITIES 


A. Conferences and Workshops 

1. Conference on the Practical Applications of Remote Sensing In 
Michigan (1973) 

This tvo-day conference brought together 85 representatives of 
Michigan agencies for a series of presents tl-,r<a and workshops 
on renote sensing. 

2. Northwest Michigan Region Training Session (197A) 

A two-day training session on color Infrared photography and 
photointerpretation was given to 25 public officials from 8 
counties in Michigan. 

3. Michigan Land Cover/Use Classification System Workshop (1976) 

A one-day workshop was held to familiarize personnel from 8 
regional planning agencies with the Michigan Classification 
System and the various remote sensing inventory options avail- 
able for preparing land cover/use maps. 

4. Association of American Geographers' Special Session; Applied 
Remote Sensing (1977) 

A session was organized for the 73rd AAG Meetings in Salt Lake 
City by Michigan State, which brought together speakers from 
three ocher Office of University Affairs Remote Sensing Projects 
to explain the thrust of activities in their particular states: 

Dr. Scan Morain of TAC, New Mexico was the discussant. 

5. Cooperative Extension Service Workshops (1978) 

Two one-day workshops on the sources, techniques and applications of 
remote sensing were given to 64 individuals from various agencies 
of 8 counties. 

6. Conference on Applications of Carcography and Remote Sensing 
(1978) 

A one-day conference was held to provide information on recent 
developments in both fields to 87 paid attendees from public 
agencies and private firms in Michigan. 
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*7. CoopT>.tlv« Extwlon Srvlca Workshops (1979) 

Four (mo-day workstmpa on tha sourcaa* cachnlquaa and applications of 
raoota smslng wars glvan to 156 Individuals frma varloua aganclas of 
30 count las. 

*8. Mlchlaan Landacapa Archltactura Days tterkahop (1979) 

A ona-day workshop on tha sourcas» tachnlquas and applications of ra- 
aota SMSlng was glvan to 26 landacapa archltacts. 


a Conductad during currant raporting parlod. 
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Major Tachnlcal Aaaiacanca and Briaflng Accivltica 

1. Rad Cadar Rlvar Baain Watarahad Plan DavalcpoMnt (Soil Conaarva- 
eion Sarvica and Michigan Dapartnant of Agricultural 1973) 

2. Northvaac Michigan Raaourca Conaarvacion and Davalopnanc Projact 
Land Ratourcaa Invantory Mapping Prograa (Soil Cooaarvation Sar* 
vlca, 1973) 

3. Foraat Plantation Claaslfication and Invantory Program (Foraat 
Sarvica, 1973) 

4. Huron Pinas Raaourca Conaarvatlon and Davalopaant Projact (Soil 
Conservation Sarvica, 1973) 

5. Northwaat Michigan Economic Davalopmant District and Raglorai 
Planning Coimalsslon (Northwest Michigan Planning Comnisaloit, 

1973) 

6. Arcadia Power Plant Construction (Northwest Michigan Planning 
Cosanission, 1973) 

7 . Traversa Bay Rasldantlal Development Survey (Northwest Michigan 
Planning Commission, 1973) 

8. High School Vocational Education Program DevalopsMnt (MSU Agri- 
culture and Natural Resources Education Institute, 1973) 

9. Land Planning Data Bank (West Michigan Regional Planning Connls- 
sion, 1973-75) 

10. Photographic Acquisition Assistance and Interpretive Training 
(Michigan Department of State Highways and Transportation, 
1973-75) 

11. Photographic Acquisition Assistance (South Central Michigan 
Planning and Development Council of Region 3, 1974) 

12. Augusta Creek Drainage Analysis (Kellogg Biological Station, 
Michigan State University, 1974-75) 

13. Evaluation of Proposed Utility Corridors (Michigan Public 
Service Commission, 1974) 

14. Effects of Accelerated Erosion Control Measures (Michigan Depart- 
ment of Agriculture, 1974) 

15. Antrim County Land Use Inventory (Antrim County Planning Depart- 
ment, 1974) 
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16. Evaluation of cha Araa Surrounding Houaaa for Sala (Eogar Pavlllk 
Raalty. 1974) 

17. Powar Tranaalaalon Corridor Planning (Conaumars Powar Corporation, 
1974) 

18. Oil Exploration (Cltlat Sarvlca Oil Company, 1974-75) 

19. Uaa of Ramota Sanalng for Soil Happing (Soil Conaarvatlon Sarvlca, 
1974) 

20. Datamlnatlon of Houaa Counta In Antrim County (John R. Snell 
Englnaara, Inc., 1975) 

21. Lake Erie Coaatal Wetlanda Aaaeaament (Bureau of Sport Flaherlea 
& Wildlife, 1976) 

22. Development of Benjamin Davlea Park (City of Lanalng Parka & 
Recreation Department, 1976) 

23. Development of the Red Cedar Bike Path (City of Lanalng Parka & 
Recreation Department, 1976) 

24. Shoreline Receaalon Rate Detemlnation and Wetlanda Interpreta- 
tion (Michigan Department of Natural Reaourcea, 1977'78) 

25. Froat Impact on Grape Vlneyarda in Berrien County (National Grape 
Cooperative Aaaoclatlon, Inc. and hSU Departoenta of Agricultural 
Engineering and Horticulture, 1977-78) 

26. Statewide Aerial Photography Project (Michigan Department of 
Natural Reaourcea, 1977-78) 

27. Foreat Type Mapping of Barry County (Soil Conaervation Service, 
1978) 

28. Michigan Land Cover /Uaa Claaalficatlon System Slide/Tape Program 
(Michigan Department of Natural Resources, 1978) 

*29. Forest Type Mapping of Montmorency County (Soil Conservation Dis- 
trict and Michigan Department of Natural Resources, 1979) 

*30. Forest Type Mapping of Otsego County (Soil Conaervation District 
and Michigan Department of Natural Resources, 1979) 

*31. Wetlands Protection Legislation (The State Senate and the Michigan 
Department of Agriculture, 1979) 

*32. Acquisition of Small Format Aerial Photos of Research Plots (MSU 
Department of Entomology, Botany & Plant Pathology, and Crop and 
Soil Sciences, 1978-79) 


*33. Woodcock Habitat Mapping (MSU Dapartnwnt of Fisheries & Wildlife » 
1979) 

*34. Identification of Pits, Ponds and Lagoons (Michigan Department of 
Public Health, 1979) 

*35. Conmninlty Development and City Planning (Design Michigan, 1979) 

*36. Aerial Photos in Support of Legal Cases (Law, Weathers, Richard- 
son and Dutcher, 1979) 

*37. Michigan Resource Inventory Legislation (Michigan Department of 
Natural Resources, 1979) 

*38. Identification of Forage Crops and Other Lands Related to Apiary 
(Beehives) Locations (Michigan Bee Keepers Association and MSiJ 
Department of Entomology, 1979) 

*39. Forest Resource Inventory and Computer Mepping (Forest Management 
Division, Michigan Department of Natural Resources, 1979) 

*40. Topographic Sampling Procedures for Archeological Investigations 
of Extinct 19th Century Town Sites in Mississippi (MSU Museum emd 
Department of Anthropology, 1979) 


*Conducted during current reporting period. 
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C. Hajor Educational Presentations and Materials 

1. Users Guide to Higl^ Altitude Imagery of Michigan , published by 
the Remote Sensing Project, 1973. 

2. Educational Self-Training Slide Modules, 1974-75: 

a. "Basic Photo Interpretation" 

b. "Basic Photo Measurements and Stereoscopic Viewing" 

c. "Photo Interpretation in Forestry" 

3. Guide to Aerial Imagery of Michigan , published by the MSU Agri- 
cultural Experiment Station, 1977. 

4. "Window to the World" exhibit at Impression 5 Museum, 1978. 

*5. "Applications of Remote Sensing and Computer Information Systems 
to County-Level Programs," County Commissioners Day, MSU, 1979. 

*6. "Making Land Use Decisions and Tax Assessments via Remote Sensing, 
Michigan Northern Counties Association, 1979. 

*7. "Computer-Assisted Farmland Appraisal," Northern Michigan Equaliza 
tlon Directors Association, 1979. 


^Conducted during current reporting period. 
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Category Flve-(b): 


NUMBER OF "REMOTE SENSING" COURSES OFFERED ON CAMPUS 
AMD ENROLLMENTS 


1. Geography 224: Remote Sensing— ‘Airphoto interpretation 

Use of aerial photographs in the identification and 
interpretation of physical and cultural features of 
the terrastrlal environment. Includes principles 
of photogrammetry, and stresses application and 
practice. 

Offered two terms per year/6 sections 
Annual enrollment 1977-78: 166 students 


2. Geography 424: Advanced Remote Sensing Techniques 

Extraction, analysis, and Interpretation of informa- 
tion obtained from remote sensors including conven- 
tional, Infrared and radar Imagery. Introduction 
to stereo-plotting devices, stressing theories of 
remote sensing and applications. 

Offered one term per year 

Annual enrollment 1978: 27 students 


Category Five-(c): NUMBER OF FACULTY AND RESEARCH ASSISTANTS INVOLVED IN 

THE PROGRAM 


1. 13 faculty-rank persons from 9 departments 

2. 5 full-time research "specialists” (MSU classification for most tech- 
nical/professional personnel not holding faculty rank) 

3. 19 student research assistants (mostly half- to three-quarter- time) 







1 


h 


! 
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Category Six: AGENCY CONTACTS 


Federal Agencies 

+ U.S. Army Corps of Engineers 

+ U.S. Department of Agriculture 

Economics, Statistic, & Cooperative Services (formerly Economic 
Research Service) 

Forest Service 

Office of International Development 
Science & Education Administration 
*Soll Conservation Service 

+ U.S. Department of Interior 

Bureau of Sports Fisheries & Wildlife 

+ U.S. Department of State 

Agency for International Development 

State of Michigan Agencies 

+ Department of Agriculture 

+ Department of Natural Resources 
*Forest Management Division 
Geological Survey Division 
Inland Lakes Division 
Land Resource Programs Division 
*Envlronmental Services Division 
*Resource Recovery Division 
*Water Quality Division 

+ Department of State Highways and Transportation 
Environmental Liaison Section 
Photograrametry Section 




i 
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i- ^Public Service Commission 
+ *Department of Management & Budget 
■f *The Michigan Senate 
+ *Department of Public Health 

Regional Planning and Administrative Agencies 

+ East Central Michigan Planning and Development Council 
+*Mortheast Michigan Council of Governments 

Northwest Michigan Regional Planning Commission 
+ Region 2 Planning Commission 

Region V Planning and Development Council 
■f South Central Michigan Planning and Development Council of Region 3 
+ Southeast Michigan Council of Governments 
■f Southwest Michigan Regional Planning Commission 
-f* Traverse Bay Regional Planning Commission 
+ Tri-County Regional Planning Commission 
+*West Michigan Regional Planning Commission 
-f West Michigan Shoreline Regional Planning Commission 

County Agencies 

+*Alpena County Equalization Department 
+ Antrim County Planning Department 
+ Berrien County Office of Prosecuting Attorney 
+ Charlevoix County Equalization Department 
+ Eaton County Equalization Department 
+ Genesee County Planning Commission 
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+ Grand Travaria Coxinty Planning CoimalBslon 
+ Inghaa County Drain Commlaalon 
Kant County Equalisation Dapartnant 
+ Maaon County Soil Conaarvatlon Diatrlct 
Monroa County Planning Conmlaaion 
*f*Montnorancy County Sol]. Conaarvatlon Diatrlct 
■f^Otaego County Soil Conaarvatlon Diatrlct 
+*Oaceola County Cooparatlva Extenaion Service 
Saglnav>Bay Moaqulto Control Conmlaaion 
+ Wayne County Planning CoaBalaalon 

Town-Local Agenclea 

+ Cltlzena Concerned About 1-69 

+ City of Lanaing Parka and Recreation Department 

'I' City of Lanaing Vector Control Section 

+*Design Michigan 

■f Grand Mere Association 

+ Lakefleld Township, Saginaw County 

+ Saginaw-Chlppewa Indian Tribe 

+*Sault Ste. Marie Tribe of Chippewa Indians 

+ City of Mason: City Administrator and Planning Commlaalon 

Private Agencies 

+ Abrams Aerial Survey, Inc» 

+ Bendlx Aerospace Systems Division 
+ Cities Service Oil Company 
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•f*Columbia Gas System Service Corporation 
•¥ Consumers Power Company 
■f*CRW Associates 
■f Dow-Comlng Corporation 
't‘*Durkee Lake Club 

■4’ Environmental Research Institute of Michigan 
John R. Snell Engineers, Inc. 

+ Johnson, Johnson & Roy, Inc. 

+*Law, Weathers, Richardson & Dutcher 
+*Menasha Corporation 
Morbark Industries, Inc. 

+ National Grape Cooperative Association, Inc. 
-i-*Packaglng Corporation of America 
+*Richard Morris, Attomey-at-Law 
+ Roger Pavilik Realty 
+ S.D. Warren Co. 

■f Wakely-Kushner Associates 
4- Wickes Agriculture 
■f William Brehm 

+*Wolverine Electric Cooperation 


* Contacts during current reporting period. 
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Category Sevan: TRAFFIC TO THE RSP LABORATORY — An Approximation 


"Traffic" la Interpreted to mean any of the many poaalble Inquiries for || 

Information, guidance, or almply Interest. . .contacts either by tele- 
phone or visiting In person. 


A. Telephone Inquiries: Average— two per day/SOO per year I 

? 

B. Personal Drop-Ins: Average-one per day/ 250 per year j 

t 

I 




1 1 


p Appendix 

PUBLICATIONS and PRESENTATIONS 
I I ... of tha Michigan Stata Unlvaralty Project 

' t 


1. "Invaatlgatlon of Land Saaourca Uaa In Southaaat Michigan." J.G. Ahl, 
M.G. Boylan, D.L. Mokaa, W.L. Ifyara, S.W. Schar and R.D. Vlaaln. 
Procaadlnga of tha Elahth Intamatlonal Sypoalua on Raaota Sanalng 
of EnvlronnKit . pp. 23^33. Environaantal Raaaarch Inatltuta of 
Michigan. Ann Arbor, Michigan. October 1972. 



I 


> 


Raaota Sanalng In Michigan for Land Raaonrea Managaaantt Hlghirav laoact 
Aaaaaaaant . Environaantal Raaaarch Inatltuta of Michigan. Ann 
Arbor, Michigan. Dacaabar 1972. 107 p. 

3. Uaara (h^lda to High Altitude laagarv of Michigan . Mark C. Sullivan and 

Stephan W. Schar. Michigan Stata Otalvaralty. Eaat Lanalng, Michigan 
April 1973. 39 p. 

4. Propoaad Land Uaa Claaalflcatlon Syataa . Project for tha Uaa of Remote 

Sanalng In Land Uaa Policy Formulation. Michigan Stata Unlvaralty. 
Eaat Lanalng, Michigan. July 1973. 26 p. 

5. Procaadlnga of the Confaranca on Practical ^pllcatlona of Ramota Sanalng . 

(May 15-1^) . Kan Kalfanhaim and Staphra W. Schar, Edltora. 

Michigan State Unlvaralty. Eaat Lanalng, Michigan. Saptanbar 1973. 
72 p. 

6. Image Interpretation for a Multi-Laval Land Uaa Claaalflcatlon Syaten. 

Mark C. Sullivan and Gary Hlgga. Michigan State Univeralty. 

Eaat Lanalng, Michigan. Saptanbar 1973. 35 p. 

7. Tha Uaa of Color Infrared Photography for Watlanda Mapping; With Special 

Rafaranca to Shoreline and Watarfovl Habitat Aaaaaamant . William 
R. Enalln. Michigan Stata Unlvaralty. Eaat Lanalng, Michigan . 
October 1973. 33 p. 

8. Upper Kalamazoo Watarahad Land Cover Inventory . Benjamin Rlchaaon III 

and William R. Enalln. Michigan State Unlvaralty. Eaat Lanalng, 
Michigan. October 1973. 39 p. 

9. "A Comparative Analyala of Remote Sanalng Scale/Syatam Attrlbutea for a 

Multl-Lavel Land Uae Claaalflcatlon Syataa." Mark C. Sullivan 
and Gary Hlgga. Procaadlnga of the Aamrlcan Society of Photo- 
graMatry Fall Convyitlon . pp. 335->367. American Society of 
^otograiawtry. Falla Church, Virginia. October 1973. 



1 



5 


i 

1 

4 
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10. Data Collacttott Co«t« irlth <« K— of Smitoa . MwIIth 

J. BcniMtt. M.S. ThMlSf (uDpuikllaM^) . Miehltu Seat* . 

SMt Lansing, Michigan. 1974. 146 p. 

11. "Focua on Co Mu n i ty Davaloj^ant." Mlchlaan Scianca to Action . Haport 

No. 26. Michigan Stata Onlvarslty Agriculturnl SxparlaMnt Station. 
Bast Lansing, Michigan. Fabiuary 1974. 

12. **Baaourca Inventory for Multl-4gancy tfatarshad Planning." W.E. Bnslin, 

B. Blchaaon III and M.J. Bannatt. Banota Sanaina of Barth 
Baaourcaa . Voluaa lit. pp. 653-670. Tha Onlvaralty of Tannaaaaa 
Space Institute. TullahMM, Tannaaaaa. March 1974* 

13. "The Oaa of Color Infrared Photography for Wetland Asaaasaant." Wllliaa 

E. Bnslin and Mark C. Sullivan. Banota Sanaina of Barth Baaourcaa . 
VolioM III. pp. 697-720. Tha University of Tannaaaaa Space 
Institute. Tullahona, TaniMssaa. March 1974. 

14. "Operational Banota Sensing for Land Capability Analysis of Michigan." 

Myles G. Boy Ian and Stephen W. Schar. Prasantad at Michigan 
Aeada^r of Scianca, Arts and Lattars. Envlronaiatal Studies 
Section. Michigan Stata University. EMt Lansing, Michigan. 

March 1974. 

15. "A Quick Procedure for Developing Bnvironaantal Planning Inventories In 

Michigan." Stephan V. Schar. Prasantad at Michigan Academy of 
Science, Arts and Letters. Bavlronaental Studies Section. 

Michigan Stata Itelvarsity. Bast Lansing, Michigan, March 1974. 

16. "Color-Infrarad Alrphotos aa a Source of Forest Resource Data for Regional 

Information SystoMt Putting Eamota Sensing Technology to Woric 
in Morthvastem Michigan. William D. Hudson and Wayne Myers. 
Presented at Michigan Academy of Science, Arts and Letters. 
Envlroi»sntal Studies Section. Michigan State University. East 
Lansing, Michigan. March 1974. 

17. "Collection and Manipulation of Land Use Information for Corridor 

Analysis." Mark C. Sullivan. Presented at Michigan Acadeay of 
Science, Arts and Lettera. Environmental Studies Section. 

Michigan State University. Bast Lansing, Michigan. March 1974. 

18. Remote Senslne in Michigan for Land Resource Manaaementi Waterfoml 

Habitat . A.N. Sellman, I.J. Sattlnger, L.B. Istvan, W.E. Bnslin, 
W.L. Myers, M.C. Sullivan. Environmental Research Institute of 
Michigan. Ann Arbor, Michigan. April, 1974. 43 p. 

19. "Rasouxre Analysis Applications In Mlchlgsn." S.W. Schar, W.R. Enslln, 

I. J. Sattlnger, J.G. Robinson, R.S. Fellovs, K.R. Hosford and 

J. G. Read. Summaries of the Ninth Inter^tlonal Symposium on 
Remote Sensing oil Eavlronneot . pp. ^36-23?. tovliwnmantal 
Researck Institute of Michigan. Ann Arbor, Michigan. April 1974. 
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20 . 


23. 


24. 


25 . 


"DasigD Coaeapts for Land Daa aad Natural Saaoureaa Inuttitoriaa and Infor- 
Mtioa Syataaa." R.L. Shaltm and B.B. Hardy. SuMMurlaa of tha 
Ninth Intamatlonal Sypoatua on Baaota SaMlna of BaYlropaant. 
pp. 53»S4. Bnvlrwmantal Raaaar^ Inatltuta of Michigan. iton"Arbor , 
Michigan. April 1974. 

"Baaourea Analyala Applleatlona la Mldilgan." S.W. Sdiar, W.B. Baalln, 

X.J. Sattlngar» J.G. Boblaaon, B.8. Fallowa, B.B. Hoaford, and 
J.G. Baad. Procydlnta of tha Ninth In tamatlo^ S^ppoalun on 
Banota Sanalna of Envlronaaat. Vol. Ill, pp. i073-208l. 

Envlronaratal Baaaarcit Inatltuta of Michigan. Ann Arbor, Michigan. 
April 1974. 

"Daalgn Concapta for Land Uaa aad Natural Baaourcaa Invaatorlaa and 
Information Syatana.** Ronald L. Shalton aad Bmaat E. Hardy. 
Procaadlnaa of tha Ninth IntarMtlon^ ayooaltaa on Banota Sanalna 
^ tovlronnant . Vol. I. pp. 5l)-ii36. to^ronaantal Baaaarck 
Inatltuta of Michigan. Ann Ai^or, Michigan. April 1974. 

Datarnlnlna Rational Soil Loaaaa Baaultlna fron Conatructlon Actlvltlaa . 

S.E. Tllaann, D.L. Mokaui and B.L. Stockaan. Projact for tba Uaa 

of Ranota Sanaing in Land Uaa Policy Pomulatlon. Michigan Stata 
Unlvaralty. Baat Lanaing, Michigan. Jauuary 1975. 21 p. 

"Inprovad Baaourea Uaa Daclalona aad Actlona through Ranota Sanaing." 

M. Boylan, V.B. Bnalin, B. Hlll-Bowlay aad R.D. Vlaaln. Abatracta 
of tha NA^ Earth Baaourcaa Survay Sypoalun . pp. 231-233. 

Johnaon Spaca Cantar. Houaton, Taxaa. Juna 1975. 

Mlchlaan Land Covar/Uaa Claaalflcatlon Syatan . Michigan Land Uaa Claaal- 
flcatlon and Rafaranclng Coanittaa. Of flea of Land Uaa, Dapartaant 
of Natural Baaourcaa. Lanaing, Michigan. July 1975. 60 p. 


26. "Inprovad Baaourea Uaa Daclalona and Actlona Through Baaota Sanaing." 

R. Hlll-Bowlay, M. Boylan, W. Enalln and B. Vlaaln. Procaadlnaa 
of tha NASA Earth Baaourcaa Survay Synpoalun . Vol. IC. pp. l747- 
1767. Johnaon Spaca Cantor. Houaton, Taxaa. Saptaabar 1975. 


27. "Inprovad Baaourea Uaa Daeialmia and Actlona Through Ranota Sanaing." 

M. Boylan, W.B. Enalln, R. Hlll-Bovlay and R.D. Vlaaln. Suanarlaa 
of tha Tenth Intamatlonal Sunpoalun on Ranota Sanaing of Environ- 
aant 7 pp. 112-113. Envlronnantal Raaaarch Inatltuta of Michigan. 
Ann Arbor, Michigan. October 1975. 

28. "Survay of Recant RaaouTxa Applleatlona In Michigan." W.C. Taylor, W.B. 

Enalln, C.E. Olaon Jr., and I.J. Sattlngar. Suanarlaa of tha 
Tenth Intamatlonal Synpoalun w Ranota Smalng of Envlronnaot . 

Ann Arbor, Michigan. October 1$75. 

29. "Inprovad Baaourea Uaa Daclalona and Actlona through Application of High 

Altitude Color-Infrarad Inagacy." W.B. Enalln, M. Boylan, R. Hlll- 
Rovlay and R.D. Vlaaln. Procaadlnaa of Appllcatlwia of Banotaly- 
Sanaad Data In North Central Uni tad Stataa . p. i5. Aaiarlcan 
Inatltuta of Aeronautlca and Aatronautlca aad Bandlx Aaroapaca Sya- 
taM Dlvlalon, Ann Arbor, Michigan. Novaabar 1975. (Abatract). 
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30. "Inprovad Rctourec Dm D«citioa« «&d Aetlona Through toaoto Sonoiiig.'' | 

M. W, R. Baollik, R. Rill-Rowloy ond R. D. Vlooin. ProcoodlnM j 

of Toath Inf motional Svpoolua on R— of Snolaa of fanrlroa— nt . 
pp. 793-801. EnvlromMOtal RMoarch Inotltuto of Michigan. Ann I 

Arbor* Michigan. October 1975. | 

31. "Survey of Recant Reeource Appllcetlone In Michigan." W. C. Taylor* W. R. 

Enalln, C. E. Olaon Jr.* and I. J. Sattlngar. Precaadlnaa of the | 

Tenth International Svnoalf on Raaota Sanalna olf Envlronaant . 
pp. 857-865. Envlronaental Reaearch Inatltute of Michigan. Ann 
Arbor* Michigan. October 1975. 


32. "Remote Senalng of Abandoned Vehlclee for County Planning." Salleh M. Nor. 

Remote Sanalna of Earth Reaourcea . Vol. V* pp. 107-112* edited by 
F. Shahrokhl* The Unlveraity of Tennesaee Space Inatltute* Tullahoma* 
Tennaaaee* 1976. 

33. "Ii^roved Land Uae Declalona and Actlona in Michigan Through Remote 

Senalng." Richard Hlll-Rovley and William R. Enalln. Proceedlnaa 
of the Aaaoclatlon of American CeoaTaphera . Vol. 8. pp. 132-136. 
Aaaociatlon of American Geographera* Vaahli^ton* D. C. April 1976. 

34. "Remote Senalng for Identifying Eaaentlal Landa." William R. Enalln. 

Conference Proceedlnaa i Protection of Eaaential Landa . pp. 80-84. 
Department of Reeource Development* Michigan State Unlveraity, 

East Lanalng* Mlchigui. April 1976. 

35. Report on the Land Uae/Cover Map at^ Soil Llnltationa Mapa for the 1865 

Treaty Landa of the Satinav-Chlppewa Indian Tribe . NASA Remote 
Senalng Project* Michigan State University. East Lansing, Michigan, 
April 1976. (Mimeographed). 

36. "Soil Management Groups: A useful tool for Interpretive and glacial maps." 

S. E. Tllmann and G. Larson. Presented at the Sorth-Central meet- 
ing of the Geological Society of America* Kalamasoo* Michigan. 

April 1976. Mot Available. 

37. "Evaluating limitations to ground water recharge by a multl-dlnenslonal 

scaling model." S. E. Tllmann. Presented at the North-Central 
meeting of the Geological Society of America* Kalamasoo* Michigan. 
April 1976. Rot Available. 

38. A Stratetv for Land Use/Cover Data File and Map Preparation . Stephen 

E. Tllmann and Robert H. Rogers. Bendlx Aerospace Systems Division. 
Ann Arbor* Michigan. May 1976. 21 p. (Mimeographed). 

39. 1972 Land Cover /Use Inventory of Clinton, Eaton and Inaham Counties. 

Mlchlean . Remote Sensing Project, Michigan State University* 

East Lansing* Michigan. June 1976. 49 p. (Mimeographed). 
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40. Iltport on th« Itotufl Re«ourc« Infora>tlo6 Syit— Dfvlop»4 for th« Trl- 

Countv toilonal Plaonlpt CoilMlon . lUiMt* Stasing Project, 
Michigan State Onivera.cy, Beat Lanaing, Michigan. July 1976. 

93 p. (Niaeographed) . 

41. Identifyina and Manolna Foreet leaourcea Froa Saall~8cale Color Infrared 

Airnhotee . W. D. Rudaon, R. J. Asaterburg Jr., and W. L. Ityera. 
Michigan Agricultural Bx^riaent Station Reaearch Report 304. 
Michigan State Univeraity, Beat Lanaing, Michigan. July 1976. 12 p. 

42. Docuamtation: 1970 SBMCOC Land Pae Inventory . Jolmaon, Johnaon and 

Roy, Inc. Ann Arbor, Michigan. July 1976. 22 p. (Miaeographed) . 

43. Enaineerina Pronertiea of Soil Manaaeaent Crouoa . S. E. Tilaann and 

0. L. Mokaa. Michigan Agricultural Bxperiaent Station Reaearch 
Report 313. Michigan State Univeraity, Beat Lanaing, Michigan. 

Au^at 1976. 12 p. 

44. Soil Manaaaaent Crouna and Soil Broaion Control . S. B. TilaMm and 

0. L. Mokaa. Michigan Agricultural Bxperiaent Station Reaearch 
Report 310. Michigan State Univeraity, Beat Lanaing, Michigan. 
Auguat 1976. 16 p. 

45. "Mapping of Reaote Senaing Data for Michigan Agenclea." Kenneth E. 

Keifenhela. Preaented at the Beat Lakea Divlaion Heetinga, 
Aaaoclation of Aaerican Geographera, Ann Arbor, Michigan. 

October 15, 1976. 

46. "Keeping Our Reaourcea Under Surveillance." Laurie De Fimian and 

Roberta Tafia. Supplenent to the Michigan State Univeraity 
Alunni Mataaine . Vol. 2, Ko. 4. pp. 4-5. College of Agri- 
culture and Natural Reaourcea, Michigan State Univeraity, Beat 
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